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1.1 Background and aim of research 
Functionalized small-ring heterocycles are important building blocks for numerous synthetic 
purposes. In the Department of Organic Chemistry of the University of Nijmegen, extensive studies 
have been performed on the synthesis and reactions of epoxy diazomethyl ketones l1"5, epoxy 
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An important reaction of epoxy diazomethyl ketones 1 is the photo-induced rearrangement in 
an alcoholic solvent2. This rearrangement occurs with retention of optical integrity and is, therefore, 
a good entry to enanliomerically pure Y-hydroxy-a,ß-unsaturatcd esters T9 (Scheme 1). 











2 Chapter 1 
This rearrangement to γ-hydroxy-a.ß-unsaturated esters 7 is of considerable synthetic value, 
as demonstrated by the total synthesis of several naturally occurring macrocyclic lactones, such as 
aspicilin 810, colletallol 9", pyrenophorol 1012 and the macrocyclic subunit of cytochalasin В 11'3. 
Ä ^ A , 
colletallol 9 
ОН 
pyrenophorol 10 cytochalasin В 11 
Optically active epoxy diazomethyl ketones 1 are readily accessible from allylic alcohols 
using the Sharpless epoxidation procedure14-15. This asymmetric epoxidation reaction has been 
shown to have wide applicability; it is depicted in its most general form in Scheme 2. Although 












DET= diethyl tartrate 
Scheme 3 shows the application of the Sharpless epoxidation to the synthesis of enantiopure 
epoxy diazomethyl ketones 1. When these diazoketones are irradiated in methanol or ethanol, 
enantiopure y-hydroxy-a.ß-unsaturatcd esters 7 are obtained. 
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The aim of the research described in this thesis is to examine the application of epoxy 
diazomethyl ketones to the total synthesis of the naturally occurring macrolides patulolide C, 
isopatulolide С and some non-natural analogs and further exploration of the chemistry of 
γ-hydroxy-a.ß-unsaturated esters. 
1.2 Alternative approaches to the synthesis of enantiopure Y-hydroxy-a,ß-unsaturated esters. 
Several approaches to y-hydroxy-a.ß-unsaturated esters other than that depicted in Scheme 1 
are known, although their general applicability is rather limited. The most practical approach to these 
Chirons is the Wittig-Homer reaction of suitably protected optically active α-hydroxy aldehydes with 
stabilized Wittig reagents or a-carbanions of phosphonate esters (Scheme 4). However, this reaction 
is of limited value due to the low level of availability of the enantiopure α-hydroxy aldehydes. 
OPg 
Phos 
Phos = R3"P*- or 
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Another method of preparing optically active γ-hydroxy-a.ß-unsaturated esters is the reaction 
of methyl sulfinylacetates with aldehydes, the so-called SPAC (Sulfoxide Piperidine And Carbonyl) 
reaction17-24 (Scheme 5). 
Scheme 5 
This reaction proceeds after mixing a homochiral methyl sulfmylacetate 12 and an aldehyde 
13 in piperidine. In one step, this gives a γ-hydroxy-a.ß-unsaturated ester 717-19. This reaction 
proceeds in good chemical and moderate optical yields (50-80% e.e.), provided the aldehyde 
component is not particularly susceptible to self-condensation. To increase the optical yield of this 
process. Burgess et al.20'24 performed this reaction in combination with enzymatic resolution of the 
y-hydroxy-a.ß-unsaturatcd esters using lipase. For substrates with straight-chain alkyl substituenis R, 
good enantioselectivity could be obtained; however, branched-chain compounds gave only poor 
optical yields. 
Synthesis of a single y-hydroxy-ct.ß-unsaturated ester using bakers' yeast reduction of ethyl 
3-chloro-4-oxo-pentanoate 14 has been reported by Tsuboi25 (Scheme 6). 
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Treatment of 14 with bakers' yeast in the presence of glucose gave a mixture of alcohols 15. 
Subsequent dehydrochlorination with tricthylamine gave ethyl (S)-4-hydroxy-2-pentenoate 6 in 50% 
yield with an optical purity of 96%. 
Regeling and Chittenden26 reported the formation of an (£)-Y-hydroxy-a,ß-unsaturated ester 
17 from 2-deoxy-D-hexonic acid derivative 16 after treatment with potassium rerr-butoxide 
(Scheme 7). 











Finally, the preparation of y-hydroxy-a.ß-unsaturated esters by either catalytic 
hydrogénation27 of optically active γ-hydroxy-ot-alkynoates 18 or the Michael-type addition of 
organocuprates28 to these substrates (Scheme 8) deserves to be mentioned. 


















The hydrogénation reaction provides optically active Z-y-hydroxy-a,ß-unsaturated esters 19, 
the Michael-type reaction produces the corresponding ß-substituted £-Y-hydroxy-a,ß-unsaturated 
esters 20. 
1.3 Overview of the chemistry of Y-hydroxy-a,ß-unsabirated esters 
In the preceding sections, various methods for the synthesis of Y-hydroxy-a,ß-unsaturated 
esters have been discussed. It was also mentioned that this functionality is encountered in several 
naturally occurring macrocyclic compounds. In this section, a brief overview of the pertinent reports 
on the chemical behavior of y-hydroxy-a,ß-unsaturated esters will be given to illustrate further the 
versatility of these compounds. 
Several pairs of antipodal 4-alkyl-Y-lactones 21 with high enantiomeric purity were obtained 
after hydrogénation and lactonization of γ-hydroxy-a.ß-unsaturated esters2' (Scheme 9). 
1.P-2NÌ 
1 
R ' ^ ^ "C02Et 2.Η+.Δ 
(R)-or(S)-6 (Λ)-21 (S)-21 
R= n-C3H7 to n-C9H19> n-C13H27 
e.e.: β7 - 93% 
Scheme 9 
These lactones have characteristic odors and were used in psychophysical tests to determine 
the differences in fragrance of optical antipodes30. 
The hydroxy! group of y-hydroxy-a.ß-unsaturated esters can be transformed into a leaving 
group and, as such, nucleophilically be displaced by suitable nucleophiles either with inversion or 
with net retention of configuration3l,32(Scheme 10). 
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The reaction of 7-sulfonyloxy-a,ß-unsaturated esters with NaN3-CuX (or CuN3) in polar 
aprotic solvents, such as HMPA, DMSO, and DMF, proceeds predominantly in a yyn-SN2 fashion, 
whereas the reaction with NaN3 in such solvents proceeds in an anti-SN2 manner31,32. This syn 
selectivity has been explained in the following way: initially, a π-allyl copper complex will be 
formed by anti attack of CuN3 on the substrate. Subsequent reaction of azide ion from the face 
opposite to the π-allyl copper then gives the stereo-retained product A similar i>n-SN2 displacement 
reactions takes place using Pd(0) reagents3336. 
Anri-SN2' displacement of the leaving group from such substrates with Lewis-acid-mcdiated 
reactions with organocyanocopper reagents37'40 (Scheme 11) or zinc cuprates41 is also well 
documented and provides access to a-substitutcd-ß.y-unsaturaled esters 23 with 1,3-chirality 
transfer. 
C02Me RCu(CN)M.BF3 





This anft'-SN2' allylic rearrangement reaction has been used as a key step in the synthesis of 
several dipeptide isosters40,42,43 and of a building block of rapamycin44. 
The organomelal conjugate addition to Y-alkoxy-a,ß-unsaturated esters (Scheme 12) has also 
been extensively studied45. 













Generally, the syn isomer 24 is obtained via the chelation controlled addition of RLi and 
RMgX to both γ-alkoxy E- and Z-enoates, which have protecting R-groups, such as Me, Bn, MOM 
and MEM. The anti isomer 24 is produced via non-chclation-controlled addition of organocopper 
reagents to these cnoates (E and Z) which have a bulky protecting group, such as r-BuSiM^· 
Exceptions to this generalization have also been reported46. 
Martin and Rodriguez47 described the enantioselective synthesis of polysubstituted 
butenolides 26 and γ-lactones 25 by intramolecular Michael addition of chiral thiophenylacetates 
derived from y-hydroxy-a.ß-unsaturated esters (Scheme 13). 









Analogously, this intramolecular Michael addition can be performed with the urethane 
derivatives of y-hydroxy-a,ß-unsaturated esters to produce oxazolidines 271*8 (Scheme 14). 
О О 
А- Л NH¡> t-BuOK NH 
С 0 2 М 
η * * 
C 0 2 M e 
27 
Scheme 14 
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Several cycloaddition reactions with γ-hydroxy-a.ß-unsaturaled esters as substrates have 
been reported. The most general example is the Diels-Alder reaction49. A 1,3-dipolar cycloaddition 
reaction of azomelhine ylides 28 with enantiopure protected (E)-y-hydroxy-a,ß-unsaturated esters 
gave telrasubstituted pyrrolidines 29a and 29a (Scheme IS)50. 
O R
 OR 
OR * * 
= . — i СО,М — i CO,Me 




 + Аг^М^СОгМе THF,78oc» /~\ • Г \ 
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Scheme 15 
Dreiding51 reported addition of phthalimidonitrene to (£)- and (Z)-Y-hydroxy-a,ß-unsaturated 
esters, which leads to trans and cis У -phtalimidoaziridines, respectively. 
Finally, the asymmetric osmylation of protected Y-hydroxy-a,ß-unsaturated esters using 
alkaloid-derived ligands deserves to be mentioned52 (Scheme 16). 







From the reactions presented above, it is evident that Y-hydroxy-a,ß-unsaturated esters are 
valuable synthons and, therefore, a general method for the preparation of y-hydroxy-cß-unsaturated 
esters is of interest. This method will be discussed in detail in Chapter 2. 
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1.4 Outline of this thesis 
In the Introductory Chapter, a brief survey is given on the synthesis and chemistry of 
Y-hydroxy-a,ß-unsaiurated esters. 
Chapter 2 deals with the general synthesis of Y-hydroxy-a,ß-unsaturaled esters based on the 
irradiation of epoxy diazomethyl ketones in an alcoholic solvent. 
In Chapter 3 the synthesis of patulolide C, isopatulolide С and its non-natural analogs is 
given. Conformational analysis of these macrolides is also described. 
Chapter 4 is devoted to the synthesis of a ten-membered analog of patulolide С 
The Claisen orthoester rearrangements of y-hydroxy-a,ß-unsaturaled esters and some 
γ-hydroxy allylalcohol derivatives are described in Chapter 5. 
Summaries in English and Dutch conclude this thesis. 
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Chapter 2 
GENERAL STEREOSPECIFIC SYNTHESIS OF 
Y-HYDROXY-a,ß-UNSATURATED ESTERS" 
2.1 Introduction 
As outlined in Chapter 1, the y-hydroxy-a,ß-unsaturated ester unit is encountered in several 
natural products1. A general and reliable synthesis of homochiral γ-hydroxy-a.ß-unsaturated esters 1 
is, therefore, of interest. The methods described in published reports 2, see Chapter 1, lack general 
applicability and cannot readily be incorporated into synthetic sequences leading to natural products. 
OH 
OEI 
In this Chapter, attention is given to the photoinduced rearrangement of α,β-epoxy 
diazomethyl ketones3 5 in an alcoholic solvent, as an attractive entry to these γ-hydroxy-
α,β-unsaturated esters in enantiomerically pure form. The sequence of reactions for the synthesis of 
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2.2 Results and discussion 
The substrates required for the preparation of the epoxy diazomethyl ketones 5 are glycidic 
acids 4 (Scheme 2), which are readily obtained, in almost enantiomerically pure form, by means of 
Sharpless epoxidation of allylic alcohols 2 and subsequent oxidation. The synthesis of glycidic acids 
4 from epoxy alcohols 3 can be performed by oxidation using ruthenium tetroxide6, when the R 
substituent is not functionalized. However, when functional groups are present, a two-step oxidation 
procedure, involving Swem oxidation to the corresponding aldehyde followed by oxidation to the 
carboxylic acid using sodium chlorite7, is most appropriate. Swem oxidation was compared with 
several other methods and was found to be superior, particularly because this led to the conservation 
of the best optical integrity. The resultant glycidic acids were treated, without purification, with 
isobutyl chloroformate and triethylaminc to give mixed anhydrides, which were then added to an 
excess of ethereal diazomethane. The yields of epoxy diazo ketones 5 were in the range 50-70%, 
based on epoxy alcohol 3 (see table). 
Ο μ ° н 
Sharpless H v / V m , М а Г 1 П _ V / X ^OH 
эп ./ 
о н
 - - к · » - ^ V í / N , ^ " " 2.NaCI02 ^ 
epoxidation jr orRu04 -
1.CIC02iBu 




By choosing the proper chira! inductor during the Sharpless epoxidation, the chirality at Cy in 
1 can be selected at will. Ал essential requirement for this route leading to 1 is that there should be 
no loss of chiral integrity during the photo-induced rearrangement or at any other step in the 
sequence. Therefore, both antipodes of epoxy diazomethyl ketones4 with R as a phenyl group were 
prepared from the respective glycidic acids 4, which were resolved4 by a classical resolution using 
1-phenylethylamine (Scheme 3) and subsequently converted to the corresponding methyl 4-phenyl-
-4-hydroxy-but-2-enoates by irradiation in methanol4. The resulting esters had the same [a] D values 
but with an opposite sign and, more convincingly, Ή NMR analysis of the corresponding acetates 
Chapter 2 15 
using chiral shift reagents5 showed the presence of a single enantiomer in both cases (see Scheme 3). 
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[a]D22= +69° (с 0.6, CHC13) [a]D 2 3= -64° (с 0.5, CHC13) 
Scheme 3 
Irradiation of the diazo compounds 5 is conveniently carried out in absolute ethanol at a 
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concentration of 5.10"3 mol/L and at a wavelength of 300 nm (see Scheme 4). The formation of 
hydroxy esters 1 proceeds through the intermediacy of epoxy ketene3b 6. Subsequent reaction of this 
ketene with ethanol occurs with simultaneous opening of the epoxide ring. During the formation of 
the C2-C3 double bond in 1, the π orbital of the developing carbanionic center at C 2 must be parallel 
to the C3-oxygen bond. For this process, two transition states, which are probably highly ordered
8
, 
can be envisaged, viz., A(i-trans) and B(i-cis). The former clearly experiences less steric interaction 
than the latter because of the presence of allylic strain effects within. Accordingly, the (£)-alkene 
esters are the predominant products. Invariably, however, these (£)-alkene esters are accompanied 
by a small amount of (Z)-alkene ester (ca. 10%). 
?\ H °v Η 




 2 E , O H
 Η" 
5 б 
R fi" J0Et R 4 ° H 
S X ^ S ^




V—^ R. / '\f L, minor pathway ОН О 
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Scheme 4 
So far, only reactions of franj-disubstiluted epoxy diazomethyl ketones have been 
considered. When a cu-disubstitulcd epoxy diazomethyl ketone is subjected to photo-induced 
rearrangement, it may be expected that conformer A is strongly favored over В because of steric 
interaction of the ketene function with the alkyl substituent at C 4 in conformer В. Indeed, this has 
been observed for a cij-disubstituted epoxy diazomethyl ketone with R= C^Hj·;, which showed 
exclusive formation of the corresponding (£)-7-hydroxy-a,ß-unsaturaied ester (Scheme 5). 
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/ A exclusive product 
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not formed 
Scheme 5 
It is of interest to further elaborate this mechanism by studying substrates which carry a 
methyl group at C
a
 Experiments in this direction are currently under investigation and will be 
reported later9 
Before purification and use in further synthesis, the alcohol function in compounds 1 was 
protected with an acetyl or f-butyldimcthylsilyl group The optical punty of the protected products 1 
obtained was established by using a combination of optical shift reagent5 and 400 MHz NMR 
spectroscopy For this purpose, compound If must be hydrolyzed to C7-alcohol 7, oxidized to 
C-7-ketone 8, hydrolyzed to Q-alcohol 9 and acetylated (Scheme 6) 
OAc О О 
1 NaOMe, MeOH 
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As can be seen from Table 1, the e.e. values are ca. 90%, which is the normal value obtained 
for the Sharpless epoxidation. It was, therefore, concluded that there is no loss of optical activity 
during the transformation of an epoxy alcohol to a 7-hydroxy-a,ß-unsaturatcd ester. The synthesis of 
compounds 1 presented above is general and can be easily adapted to the synthesis of natural 
products, as exemplified by the total synthesis of aspicilin10, colletallol11, pyrenophorol12 and 
patulolide C13. 
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.Used for the aynrhess of natural patuloMe C 1 3 
Used lor the synthesis ol homochireJ norpatulolide С, Chapter Э 
Used lor the synthesis ol homoohiral homopatulohde C, Chapter 3 
Table 1: Photo induced rearrangement of S to I 
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2.3 Experimental Section 
General Procedures. 
'H-NMR spectra were recorded on a Varían EM 390 (90 MHz, CW) or a Broker AM 400 (400 MHz. 
FT) spectrometer with TMS or chloroform as internal standard. IR spectra were recorded on a 
Perkin-Elmer 298 spectrophotometer. For mass spectroscopy, a double focussing VG 7070 E was 
used. For the chemical ionization (CI) technique, methane was used as reacting gas. Melting points 
were determined on a Reichert Thermopan microscope and are uncorrected. Column 
chromatography was performed with silica gel 60H (Merck) and a pressure of 1.5-2.0 bar was used 
to obtain the necessary flow rate. 
Dry solvents were obtained as follows: Petroleum ether 60-80 was distilled from sodium hydride. 
Dichloromethane was distilled from phosphorous pcntoxide. Diethyl ether was pre-dried on calcium 
chloride and then distilled from calcium hydride. THF was distilled from lithium aluminum hydride. 
Pyridine was distilled from potassium hydroxide. All other solvents were of either P.A. or "reinst" 
quality. 
Preparation of epoxy diazomethyl ketones (5) (General procedure). 
/-Butyl chloroformate (10 mmol) followed by triethylamine (12 mmol) was added ω an ice-cooled 
and stirred solution of the glycidic acid (10 mmol) in dry ether (50 mL). After stirring for 30 min., 
the precipitate was filtered off and the filtrate was then added to excess diazomethane in ether. The 
mixture was left overnight. Excess diazomethane was then removed by flushing with nitrogen. After 
evaporation of solvent, the residue was purified by flash-chromaiography (hexane-EtOAc). 
Preparation orY-hydroxy-ot,ß-unsaturated esters (1) (general procedure). 
A nitrogen-flushed solution of epoxy diazomethyl ketone 5 (5.10"3 mol/L) in ethanol was irradiated 
with UV light (300 nm)14. The rearrangement was monitored by IR spectroscopy (disappearance of 
the diazo absorption) and was completed usually after 1.5-2 h. Evaporation of ethanol gave the crude 
product, which was acetylated or r-butyldimelhylsilylated. Purification was achieved by flash 
chromatography. 
Methyl (2E,4J^7/0-7-hydroxy-4-(fcrt-buryldimethylsiloxy)-2-octenoate (7). 
A solution of NaOMe in methanol (obtained from 40 mg Na in 2 mL of McOH) was added to a 
solution of If (200 mg, 0.58 mmol) in methanol (6 mL). After stirring for 3.5 h, the reaction was 
quenched with satd. NH4C1. This mixture was extracted three times with ether. The combined 
organic layers were dried over MgS04 and concentrated in vacuo, yielding 7 (159 mg, 0.53 mmol, 
91%) as a yellowish oil, which was sufficiently pure for further use. Ή NMR (90 MHz. CDC13): δ 
6.80 (dd, IH. J= 13.5, 4.0 Hz, НС=С-С=0). 5.90 (dd, IH. J= 13.5. 1.4 Hz, С=СН-С=0), 4.40-4.10 
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(m, IH, HC-OSi), 3.60 (s, 3H, OCHj), 3.80-3.50 (m, IH, HC-CH3), 2.30 (bs, IH, OH), 1.70-1.30 (m, 
4H, remaining protons), 1.10 (d, 3H, J= 5.4 Hz, -CHj), 0.80 (s, 9H, iBu), 0.0 (s, 6H, Si(CHj)2); IR 
(ССЦ, cm 1 ) : 3650-3200 (OH), 1720 (C=0), 1655 (C=C). 
Methyl (2E,4Ä)-7-oxo-4-(tert-butyklimethylsiIoxy)-2-octenoate (8). 
A solution of 7 (159 mg, 0.53 mmol) in CH2C12 (3 mL) was added to a solution of pyridinium 
chlorochromate (PCC) (176 mg, 0.80 mmol) in CH2C12. This solution was stirred for 3 h at room 
temperature. Ether (30 mL) was added and the solution was then filtered trough Florisil. After 
concentration, the residue was purified by chromatography (hexane/EtOAc 5:1), giving pure 8 (96 
mg, 0.32 mmol) in 60% yield as a yellow oil. Ή NMR (90 MHz, CDC13): δ 6.80 (dd, IH, J= 13.5, 
4.0 Hz, СН=С-С=0), 6.0 (dd, IH, J= 13.5, 1.4 Hz, С=СН-С=0), 4.50-4.20 (m. IH, HC-OSi), 3.70 
(s, 3H, OMe), 2.70-2.30 (m, 2H, C H ^ O ) , 2.1 (s, 3H, CHjC=0), 1.90-1.70 (m, 2H. CH2), 0.90 (s, 
9H, iBu), 0.0 (s, 6H, Si(CHj)2; IR (ССЦ, cm 1 ) : 1720 (C=0), 1655 (C=C). 
Methyl (2E,4R)-7-oxo-4-hydroxy-2-octenoate (9). 
A solution of nBu4NF (600 μ ι , IM) in THF was added to a solution of 8 (91 mg, 0.3 mmol) in THF 
at 0°C. After stirring for 1 h at room temperature, satd. NH4C1 was added. This mixture was 
extracted three times with ether. The combined organic layers were washed with water, dried over 
MgS0 4 and concentrated in vacuo, giving 9 (21 mg, 0.11 mmol, 35%) which was sufficiently pure 
for further use. ] H NMR (90 MHz, CDCI3): δ 6.80 (dd, IH, J= 13.5 Hz, 4.0 Hz, HC=C-C=0), 6.0 
(dd, IH, J= 13.5, 1.4 Hz, C=CH-C=0), 4.50-4.20 (m, IH, HC-OH), 3.70 (s, 3H, OMe), 2.80-2.50 (m, 
2H, CH2C=0), 2.20 (s, 3H, СН,С=0), 2.0-1.50 (m, 2H, CH2); IR (СС14, cm 1 ): 3600-3200 (ОН), 
1700 (С=0), 1655 (С=С). 
Methyl (2£,4tf)-7-oxo-4-acetoxy-2-octenoate (10). 
Pyridine (40 μ ι , 35 mg, 0.44 mmol), acetic anhydride (28 μι , 30 mg, 0.3 mmol) and a catalytic 
amount of DMAP were added to a solution of 9 (21 mg, 0.11 mmol) in CH2C12. After stirring for 17 
h at room temperature, the reaction was complete and water (5 mL) was then added. This mixture 
was extracted three times with ether. The combined organic layers were washed twice with satd. 
CuS0 4 and water, dried over MgS04 and concentrated in vacuo, giving a yellowish oil. 
Chromatography (hexane/EtOAc 2:1) gave pure 10 (15 mg, 63 μιηοΐ) in a yield of 60%. ]H NMR 
(400 MHz, CDCI3): δ 6.82 (dd, IH, J= 15.8, 5.2 Hz, HC=C-C=0), 5.96 (dd, IH, J= 15.8, 1.6 Hz, 
C=CH-C=0), 5.45-5.43 (m, IH, HC-OAc), 3.75 (s, 3H, OMe), 2.51-2.47 (m, 2H, 0 1 ^ = 0 ) , 2.15 (s, 
3H, Ac), 2.09 (s, 3H, CHjC=0), 2.04-1.90 (m, 2H, CH^); IR (CC14, cm 1 ) : 1700 (C=0), 1655 (C=C); 
e.e.: 91% (60 mg Eu(hfc)3: R-isomer: 3.35 ppm (Ac), S-isomer: 3.31 ppm (Ac). 
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TOTAL SYNTHESIS OF PATULOLIDE С AND ITS HOMO, NOR, AND ISO ANALOGS* 
3.1 Introduction 
In the study of the chemistry of functionalized epoxides, it has been shown that epoxy 
diazomethyl ketones undergo an interesting photoinduced rearrangement leading to 
y-hydroxy-a.ß-unsaturated esters1,2 (Chapter 1 and 2). 
Initially, an epoxy ketene is formed1 which, subsequently, reacts with an alcoholic solvent to 
give a hydroxy alkene ester (Scheme 1). 
H О 
Ν, —** b-b^ss? —• V ^ - ^ O E t 
EtOH * I I 
Ο Η ОН 
Scheme I 
With optically active substrates, which are readily accessible from allylic alcohols using the 
Sharpless epoxidation and subsequent oxidation to the corresponding oxiranccarboxylic acids, the 
γ-hydroxy function in these alkene esters can be introduced in an enaniioconlrolled fashion2. 
The conversion of allylic alcohols into γ-hydroxy-alkenc esters is of synthetic value, as has 
been demonstrated by the total synthesis of various naturally occurring macrocyclic lactones, such as 
aspicilin3, collelallol4 and pyrenophorol5, and the macrocyclic subunit of cytochalasin B6. 
In this chapter, the total synthesis7 of patulolide C, a macrolide isolated from the culture 
broth of Pénicillium urticae*·9, will be described. In addition, the synthesis of the elcven-membered 
ring (norpatulolide C) and ihirtcen-membered ring (homopatulolide C) analogs, as well as the 
corresponding Ζ isomers of these three patulolides, will be discussed. The retrosynlhesis of 
patulolide С and its nor and homo analogs is outlined in Scheme 2. Delactonization leads to diol 
alkene acid A which, in principle, is accessible via epoxy diazomethyl ketone В by applying the 
reactions shown in Scheme 1. The required allylic alcohol С can be built up from mcthyloxirane, an 
acetylenic alcohol and a suitable two-carbon synthon. The involvement of enantiomerically pure 
methyloxirane ensures introduction of the chiral center adjacent to the lactone oxygen. 
,OH ' ^ s A 
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P»S\n 
n=2 norpatulolide С 
n=3 patutollde С 
n=4 homopatulolide С 
OProt 





Prot: protecting group 
OProt 
Ξ Ξ ^ ( Ο Η 2 ) η · 
Z A + Η — ^ = ( C H 2 ) n O T H P + 2-carbon synthon 
3.2 Results and discussion. 
Scheme 2 
The actual synthesis of the epoxy diazomethyl ketones В is shown in Scheme 3. 
The alkynols, viz., 4-penlyn-l-ol10. 5-hexyn-l-ol11, and 6-heptyn-l-ol12, required for the 
opening of (/?)-(+)-melhyloxirane13 1 were prepared by known procedures. The secondary alcohol 
function obtained in this ring opening reaction was protected as a benzyl ether14. Chain elongation of 
compounds 5 was achieved by oxidizing the primary alcohol of S to an aldehyde group using the 
Swern oxidation and a subsequent Wittig-Homer coupling with trielhylphosphonoacetate using 
lithium chloride and diisopropylethylamine as condensing agents'5. The thus obtained (£)-alkene 
esters 7 were reduced with DibalH to allylic alcohols 8, which were subjected to a Sharpless 
epoxidation16 using L(+)-diethyl tartrate as chiral inductor, to give 5,5-cpoxy alcohols 9 in excellent 
chemical and optical yields, as was shown by extensive GC analysis of 9 and product 10 derived 
therefrom (the RJiJi diastcreomcrs were only present in minor amounts of less than 5%). 
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Reaction conditions Chemical yield (%) 
a b c 
n=2 n=3 n=4 
a BuLi, HMPA, THF 
b BnBr, (nBu)4NI, THF 
с p-TosOH, MeOH 
d Et3N, (COCI)2, DMSO, CH 2 CI 2 
a (EtO)2P(0)CH2COOEt, LiCI, »Pr2NEt, CH 3 CN 
( DibalH. E t 2 0 
g Ti(OiPr)4, L(+)-DET, tBuOOH, C H 2 C I 2 
h tBuMe2SiCI, imidazole, DMF 
1 H^Pd/C, EtOH 
J A c 2 0 , pyridine, DMAP 
к (nBu)4NF, THF 
1 RuClg H 2 0 , N a l 0 4 , CH3CN, CCI4 H 2 0 
m CICOOiBu, Et3N. THF 




































6 9 a 
Velds after step l,m,n 
Scheme 3 
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After proper protection17 of the primary alcohol function in compound 9, the triple bond was 
removed by hydrogénation together with the benzyl protecting group. In fact, this benzyl ether 
function was chosen as the protecting group in 3 for this purpose, allowing the introduction of an 
acetate at this position, which is appropriate for the rest of the sequence. After liberation of the 
primary alcohol using fluoride, alcohols 13 were converted into diazoketones 14 successively by 
oxidation with ruthenium oxide18 to the corresponding oxiranecarboxylic acids, treatment with 
isobutyl chloroformate to give mixed anhydrides and addition of excess diazomethane. It should be 
noted that an alternative to the ruthenium oxide method is a two-step procedure involving, first, a 
Swem oxidation to the aldehyde, and then conversion to the epoxy acid using sodium chlorite19. This 
last-mentioned methodology is more generally applicable. The yields of epoxy diazomethyl ketones 
based on epoxy alcohols 13 are in the range of 50-70 % for both oxidation routes. 
Irradiation of key intermediates 14 at 300 nm in ethanol resulted in γ-hydroxy-a.ß-
unsaturated esters 15, which were immediately protected as silyl ethers 16 (Scheme 4). 
It should be noted that, for this protection, two-fold excess of silylating agent was required to 
achieve complete conversion. Chromatography of the resultants compounds 16 gave predominantly 
the E isomers, along with a small amount of the Ζ isomers. In all three cases, the E:Z ratio was 10:1. 
The formation of £ as well as Ζ alkene esters has been explained previously2 (See Chapter 2). In the 
present case, advantage was taken of the production of both geometrical isomers of alkene esters 16 
as it enabled us to prepare the corresponding Ζ isomers of the target macrolides. Accordingly, both 
isomers of 16 were deprotected to hydroxy acids ПЕ and 17Z, respectively. This deprotection was 
performed with either lithium hydroxide in THF or sodium hydroxide in ethanol. The acetate 
function is readily saponified; however, the unsaturated ester was removed very slowly. The use of 
pig liver esterase was explored for the hydrolysis of the alkene ester; however, the results were 
disappointing. 
For the macrolaclonization of 17£b (n=3), several methods were investigated, namely, the 
Masamune reaction using diethyl phosphochloridate20, closure with (trimethylsilyl)ethoxyethyne21, 
reaction with cyanuric chloride22, and DMF/SOCl2
23
. None of these conditions resulted in the 
desired lactonization. Better results were obtained by applying the Yamaguchi procedure24, as 
previously used by us in a slightly modified form3,4·5,7. In all six cases, acceptable yields of 
silyl-protected macrolides 18 were obtained. However, during ring closure of 17Zb to 18Zb, 
considerable Ζ to E isomerization was observed, producing a mixture of 18Zb and 18£b in a ratio of 
approximately 1:1. Similar isomerization has been noticed by Mori et aß5. Apparently, the ring 
strain in the macrolide causes isomerization, probably induced by the (dimethylamino)pyridine 
(DMAP) via an addition/elimination reaction, although Ζ to £ isomerization prior to ring closure is a 
possibility that must be considered. Keck et α/26 used DMAP-catalyzed Ζ io E isomerization to 
obtain pure trans unsaturated thiol esters. 


































n=2 (£)-norpatulolid8 С 19£a 
n=3 (£)-patulolide С 19£b 
n=4 (£)-homopalulolide С 19£c 
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n=2 (Z)-norisopatulollde С 19Za 
n=3 (ZHsopetulolide С 19Zb 
n=4 (Z)-homoisopatulolid6 С IfiZc 
Scheme 4 
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(Scheme 4 contd.) 
Reaction conditions Chemical yield (%) 
n=2 n=3 n=4 
Ε Ζ EZ EZ 
a hv (300 nm), ЕЮН 
b tBuMe2SiCI, imidazole. DMAP, DM F 
LiOH, THF-H201:1 
° NaOH.EtOH 
d 2, 6- СІ2С6НзС(0)СІ. Et3N, THF; DMAP, toluene, 
# TBAF.THF 
CH3COOH/THF/H20 3:1:1 
89 98 99 
46 3 48 6 42 4 
97 71 
99 99 97 99 
58 30 67 32 28 21 
56 71 69 64 66 
49 
The final step involves the removal of the silyl protecting function, which was performed 
using TBAF in THF at 0°C in the usual manner17. However, these conditions failed for 19Zc, which 
had to be deprotected with acetic acid/THF/H20 3:1:1
17
. All six products were purified by flash 
chromatography and characterized by spectral measurements [Ή NMR (400 MHz), 1 3C NMR, IR, 
MS and peak match]. 
The spectral features of 19ЕЬ were identical with those obtained27 from authentic natural 
patulolide C. This was not the case, however, for its optical rotation. For natural patulolide C, an 
[α],, 2 5 value of -1.89° [c 2, EtOH] has been reported', whereas for 19£b an [afo2 0 value of +6.6° [c 
0.4, EtOH] was determined. X-ray diffraction analysis28 of the p-bromobenzoate of 19£b (m.p. 
136-138°C, lit.' 134-135°C) confirmed its structure and also our conviction that the reported rotation 
for the natural product is not correct. 
The detailed pattern of the lH NMR spectrum of (£)-norpatulolide С 19£a was rather 
different from that of (£)-patulolide С 19£b {vide infra). Therefore, the structure of 
(£)-norpatulolide С 19£a was ascertained by X-ray diffraction analysis29. The absolute 
configuration was established for both compounds and is 45,10/? for (E)-norpatulolidc С 19£a and 
45,11Л for (£)-patulolidc С 19£b. 
It is of interest to note that, recently, (Z)-isopatulolide С was isolated from the culture broth 
of Pénicillium urticae mutant S11R5930. The configuration at C u was assumed to be R, as in all 
related patulolides; the R configuration was suggested for C4 athough no unambiguous evidence was 
provided. This natural compound shows an [a]D20 of -70.5° (c 2.4, EtOH)27, which is almost the 
same value but opposite in sign to that observed for the synthetic material 19Zb ([α]20]) -f7 Io) 
described above. These data suggest that the natural and synthetic compound are enantiomers, but 
their Ή NMR spectra arc distinctly different, although both have the same absorption characteristics 
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and arc in full accord with the (Z)-isopatulolide structure. Our synthetic compound has the 45Д1Л 
configuration as is evident from its synthesis. Therefore, we suggest that the natural product 
mentioned above is diastereomeric with 19Zb and has the 4Λ.1 \R configuration. 
The conformation of the respective macrolides deserve some further comments. It is apparent 
from the X-ray structures of (E)-norpatulolide С 19£a and (E)-patulolide С 19£b that there is a 
considerable difference in spatial arrangement In Table 1, the most important structural parameters 
taken from the X-ray structures are listed. 
(£)-patuk>lide С (19£b) (£)-norpatublide С (19Ea) 
entry patulolide С norpatulolide С 
С Сг 1.517 Α 1.4 4А 
C2-C3 1.200 A 1.31 θ A 
CvO, 1.197 A 1.210 A 
Оі-Сі-С2-Сз 26.7° 48.1° 







 -26.9° -166.3° 
Table 1 
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The different torsion angles between the carbonyl and olefinic bonds are particularly 
noteworthy. These angles indicate that, in both compounds, ring strain forces an out-of-plane twist of 
the enone moiety, most strikingly in the 11-membered ring lactone. As a consequence, there will be 
loss of conjugation in this enone unit. Non-planarity of the enone moiety has also been observed for 
other macrocyclic α,β-unsaiurated lactones31. 
The conformational differences in these macrolides are also reflected in their spectral 
features. The essential spectral data of the six macrolides 19 are collected m Table 2. Loss of 
conjugation in the alicene ester unit will result in a more isolated double bond character, hence, a less 
polarized double bond. In both the Ή NMR and 13C NMR spectra, such a diminished conjugation 
will lead to a smaller difference in chemical shift of the olefinic protons and carbon atoms, 
respectively, compared lo the more conjugated case. In the UV spectrum, loss of conjugation results 
in a hypsochromic effect when compared with an unstrained "open" compound, for which ethyl 
(£)-4-hydroxy-non-2-enoate 202 was taken as reference in the present case. The data in Table 2 
reveal that, in the E series, (£)-norpatulolide С 19£a is the most strained molecule. The 12- and 
13-membered ring lactones are much less deformed and show rather normal data compared with the 
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The iso-séries (19Z) also exhibits considerable ring strain, as indicated by the difference in 
chemical shift of the olefinic protons and carbon atoms. The same is reflected in the UV spectra. 
Apparently, both (Z)-norisopatulolide С and (Z)-homoisopatulolide С almost completely lose the 
alkene ester conjugation. 
Ή NMR spectra of \9Ел have been recorded in solvents other than CDCI3 and show high 
solvent dependency. In particular, the positions of the olefinic protons in the spectrum change 
considerably. Figure 1 shows the chemical shifts of the olefinic protons when recorded in CDCI3 and 
in CD3CN: 
a) b) 
и u_ ÌL· 
— r 1 1 1 1 1 1 ' — 
6 5 6 a 6 3 6 2 6 5 6 4 6 Э 6 2 
PPM p P » 
C) 
и V./ 
Figure 1. (a) Ή NMR spectrum of 19£a in CD3CN. (b) 4 i NMR spectrum of 19£a in 
CD3CN, irradiated at H4. (c) Ή NMR spectrum of 19Ea in CDCI3. (d) Ή NMR spectrum of 19Яа 
in CDC13, irradiated at H4. 
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The spectra of 19E& in acetone-</6 and methanol-^ were very similar to that recorded in CD3CN 
(Table 3). 
solvent Hjippm) Нз(ррт) J23(Hz) J34(Hz) 
CDCIg" 6.34 6.46 16.1 8.9 
CD3CN
a
 6.46 6.23 16.2 9.2 
acetone-d6
b
 6.45 6.20 16.0 8.1 
CD3OD
b
 6.59 6.29 16.0 8.4 
a
 400 MHz 1 H NMR 
b
 90 MHz 1 H NMR 
Table 3 
In these polar solvents, proton H 2 is observed at lower field than H3. This can be interpreted 
in terms of a twist of the C=C-C=0 moiety, which causes deconjugalion and a more localized charge 
on the carbonyl function. This twisted conformation is apparently stabilized by polar solvents. 
Another phenomenon could be the compressing effect of polar solvents on the apolar paraffinic 
methylene groups, causing a further increase in the torsion angle (Table 1). The UV spectra of 19Ea 
are consistent with these NMR results. A maximum absorption at 205 nm was found when the 
spectrum was recorded in isooctane; in acetonilrile, this absorption appeared at 194 nm. In general, 
for α,β-unsaturated carbonyl compounds32, an increase in solvent polarity will cause a red shift in 
the maximum absorption. In our case, the opposite, (a blue shift) was observed. This solvent 
dependence is an interesting aspect in view of conformationally controlled reactions with 
macrolides, which appear frequently in the literature33. 
3.3 Concluding remarks 
In conclusion, the strategy for the total synthesis of patulolides as outlined in Scheme 2 
successfully leads to the desired 11-, 12-, and 13-membered macrolides. In addition, the 
corresponding macrolides with a cis double bond could also be prepared. The six macrolides show 
remarkable differences in their conformational behavior. 
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3.4 Experimental Section 
General Procedures. Ή NMR spectra were recorded on a Varían EM 390 (90 MHz, CW), a Broker 
WH 90 (90 Mhz. FT), a Bruker AM 100 (100 MHz. FT) or a Bmker AM 400 (400 MHz. FT) 
spectrometer using TMS, chloroform or dichloromethane as internal standard. I3C NMR spectra 
were recorded on a Bruker AM 400 (100 MHz, FT) spectrometer using TMS as internal standard. IR 
spectra were recorded on a Perkin-Elraer 298 spectrophotometer and UV spectra on a Perkin-Elmer 
Lambda 5 UV/VIS spectrophotometer. For mass spectroscopy, a double focussing VG 7070 E was 
used. For the chemical ionisation (CI) technique, methane was used as reacting gas. GC was 
performed on a Hewlett-Packard 5790A or 5890 instrument equiped with a capillary HP cross-linked 
silicone (25 m χ 0.31 mm) column, connected to a HP 3390 or HP 5890 calculating integrator. 
Optical rotations were measured on a Perkin-Elmer 241 Polarimeter. Melting points were determined 
on a Reichert Thermopan microscope and are uncorrected. Column chromatography was performed 
with silica gel 60H (Merck). A pressure of 1.5-2.0 bar was used to obtain the necessary flow rate. 
Dry solvents were obtained as follows: Petroleum ether 60-80 was distilled from sodium hydride. 
Dichloromethane was distilled from phosphorous pentoxide. Diethyl ether was pre-dried on calcium 
chloride and then distilled from calcium hydride. THF was distilled from lithium aluminium hydride. 
Pyridine, triethylamine. diisopropylelhylamine were distilled from potassium hydroxide. Dimethyl 
sulfoxide was distilled from calcium hydride. Toluene was distilled from sodium. All other solvents 
were of either P.A. or "reinst" quality. n-BuLi and DibalH were used as stock solutions at 1.6 and 
1.0M in hexane, respectively. 
(Ä)-8-(Tetrahydropyranyl-2-oxy)-4-octyn-2-ol(3a). 
n-Butyllithium (1.6 M in hexane, 56 mL, 90.3 mmol) was added to a solution of 2a (15.17 g, 90.3 
mmol) in THF (200 mL) at -78°C under an argon atmosphere. After 45 min at 0°C , the reaction 
mixture was cooled to -50°C and HMPA (25 mL) and (R)-methyloxirane 1 (5 g, 86 mmol) were 
rapidly added. The reaction mixture was then allowed to reach room temperature. After stirring 
overnight, the dark-brown reaction mixture was quenched with 50 ml 5M NH4C1 and the layers were 
separated. The aqueous layer was extracted three times with hexane. The combined organic layers 
were washed with water, dried over MgS04, filtered and concentrated. Purification by flash 
chromatography (hexane/EtOAc 5:1) gave 9.46 g of 3a (41.9 mmol, 46%) and 3.38 g of 2a. Ή NMR 
(90 MHz, CDClj): δ 4.55 (s, IH. 0-СН-О). 4.07-3.30 (m, 5Н, Н-С-ОН, 2(Η^-0)), 2.43-3.13 (m, 
4Н, CH
r
C=C-CH2), 2.57 (s, IH, OH). 1.95-1.33 (m, 8H, remaining protons), 1.26 (d, 3H, J= 6 Hz, 
CH3); IR (CCI4, c m 1 ) 3640-3100 (OH), 3580 (OH); MS (СГ): m/e= 227 (M++l, 8%), 209 ( -H 2 0. 
4%), 143 ( -C5HgO, 23%), 125 ( -C sHgO - H20,13%), 85 (C 5 H,0\ 100%). 
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(Ä)-9-(Tetraliydropyranyl-2-oxy)-4-nonyn-2-ol(3b). 
The procedure described for 3a was followed. From 12.7 g of 2b (70 mmol) and 4.4 g of 
(R)-methyloxirane (76 mmol), 11 g of 3b (45.8 mmol, 65%) was obtained after chromatography 
(hexane/EtOAc 3:1). Ή NMR (90 MHz, CDC13): δ 4.57 (s, IH, O-CH-O), 4.20-3.25 (m, 5Н, 
2(СН2-0), Н-С-ОН) 2.43-2.05 (m, 4Н, CHj-C^C-CHj), 2.00 (s, IH, ОН), 1.92-1.37 (m, ЮН, 
remaining protons), 1.23 (d, 3H, J= 6Hz, CH,); IR (СС^, cm 1 ) : 3640-3200 (OH); MS (СГ): m/e= 
241 (M++l, 3%), 223 (-H20,7%), 205 (-2H20,1%), 157 (-C3H80, 62%), 139 (-C5HgO -H20, 53%), 
85 (C 3 H 9 0 + , 100%). 
(J7)-10-(Tetrahydropyranyl-2-oxy)-4-decyn-2-ol(3c). 
The procedure described for 3a was followed. From 13.5 g of 2c (69 mmol) and 4.0 g of 
(R)-methyloxirane (69 mmol), 15.0 g of 3c (59 mmol, 86%) was obtained after chromatography 
(hexane/ EtOAC 3:1). lH NMR (90 MHz, CDClj): δ 4.59 (bs, IH, O-CH-O), 4.13-4.20 (m, 5H, 
2(CH2-0). H-C-OH), 2.43-2.00 (m, 4H, CHj-C^C-CHj), 1.93-1.33 (m, 12H, remaining protons), 
1.23 (d, 3H, J= 6Hz, CHj); IR (CC14, cm 1 ) : 3620-3120 (OH), 3580 (OH); MS (СГ): m/e= 255 
(M++l, 15%), 237 (-H20, 2%), 171 (-C5HgO, 85%), 153 (-C5HgO - H 20,9%), 85 (C 5 H 9 0 + , 100%). 
(Ä)-7-Benzyloxy-l-(tetrahydropyranyl-2-oxy)-4-octyne(4a). 
A solution of 3a (9.3 g, 41 mmol) in 70 ml of THF under argon atmosphere was treated with NaH 
(1.34 g, 44.5 mmol), followed by addition of (nBu)4NI (151 mg, 0.41 mmol) and benzyl bromide (7 
g, 41 mmol). After stirring overnight the reaction mixture was quenched with 70 ml of water and 
THF was evaporated. The resulting mixture was extracted three limes with ether. The organic layers 
were combined, washed with water, dried over MgS04 and concentrated in vacuo. Chromatography 
(hexane/EtOAc 10:1) gave 4a (9.69 g, 30.7 mmol) in a yield of 75 %. Ή NMR (90 MHz, CDC13): δ 
7.40-7.12 (m, 5H, Ph), 4.57 (s, 3H, O-CH-O, CH^Ph), 4.04-3.31 (m, 5H, HC-CH3, 2(Η^-0), 
2.53-2.09 (m, 4H, CHj-C^C-CHj), 2.00-1.40 (m, 8H, remaining protons), 1.29 (d. 3H, J= 6 Hz, 
CHj); MS (CI+): m/e= 317 (M++l, 2%), (-C5HgO, 32%), 215 (-C5H80 -H20, 15%), 91 (C7H7 +, 
67%), 85 (CjfyO*. 100%). 
(A)-8-Benzyloxy-b(tetrahydropyranyl-2-oxy)-5-nonyne(4b). 
The procedure described for 4a was followed. Starting from 11.36 g of 3b (47.3 mmol) gave 10.6 g 
of 4b (32.1 mmol) after chromatography (hexane/EtOAc 7:1) in a yield of 68%. ·Η NMR (90 MHz, 
CDClj): δ 7.50-7.20 (m, 5H, Ph), 4.50 (s, 3H, O-CH-O, CHjPh), 4.10-3.22 (m, 5H, HC-CH3, 
гЩгС-О), 2.50-2.05 (m, 4H, CHj-C^C-CHj), 1.90-1.40 (m, 10H, remaining protons), 1.27 (d, 3H, 
J= 6 Hz, CHj); MS (CI+): m/e= 331 (M++l, 19%), 247 ( -C4H80, 100%), 229 ( -C 4 H 8 0 - H 2 0, 
22%). 
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(Ä)-9-Benzyloxy-l-(tetrahydropyranyl-2-oxy)-6-decyne(4c). 
The procedure described for 4a was followed. From 14.55 g of 3c (57.3 mmol), 19 g of crude 4c was 
obtained as a slightly yellowish oil which was sufficiently pure for further use. lU NMR (90 MHz, 
CDCI3) 7.57-7.12 (m, 5H, Ph), 4.77-4.55 (m, 3H, O-CH-O, CH^Ph), 4.07-3.20 (m, 5H, HC-CH3, 
2Ш2С-О), 2.67-2.00 (m, 4H, CH^-GsC-Ciy, 2.00-1.20 (m, 12H, remaining protons), 1.27 (d, 3H, 
J= 6 Hz, CH3). 
(W)-7-Benzyloxy-4-octyn-l-ol (5a). 
p-TsOH (160 mg, 0.93 mmol) was added to a solution of 4a (9.90 g, 31 mmol) in 70 mL of MeOH. 
After stirring for 2 h, 4 mL of satd. NaHC03 was added and the MeOH was evaporated. Water was 
added and the solution was extracted three times with ether. The combined organic layers were dried 
over MgS04 and concentrated in vacuo. 5a (6.67 g) was obtained as a colorless oil, after 
chromatography (hexane/EtOAc 3:1), in a yield of 93%. Ή NMR (90 MHz, CDCI3): δ 7.50-7.10 (m, 
5Η, Ph), 4.53 (s, 2H, CH^Ph), 3.83-3.48 (m, 3H, HC-CH3, CH^OH), 2.48-2.10 (m, 5H, 
CH2-OC-CH2,-OH). 1.70 (sexL, 2H, -CH r ), 1.23 (d, 3H, J= 6 Hz, Ol·,,; IR (CCL4, cm 1 ) : 3630 
(OH), 3700-3200 (OH); MS (CI+): m/e= 233 (M++l, 49%), 215 (-H20, 100%), 187 (-C2H5OH, 
14%), 125 (-PhCH2OH, 22%), 91 (C7H7 +). 
(if)-8-Benzyloxy-5-nonyn-l-ol (5b). 
The procedure described for 5a was followed. From 10.3 g of 4b (31.2 mmol) gave 7.6 g of 5b 
which was sufficiently pure (98% on GC) for further use. lH NMR (90 MHz, CDCI3): δ 7.47-7.10 
(m, 5H, Ph), 4.55 (s, 2H, CH2Ph), 3.80-3.43 (m, 3H, HC-CH3, CHjOH), 2.50-2.07 (m, 4H, 
C H 2 - G E C - C H 2 ) , 1.98 (bs, IH, -OH). 1.83-1.43 (m, 4H, -CH2CH2-), 1.28 (d, ЗН, J= 6 Hz, CH^; IR 
(CCI4, cm 1 ): 3640 (OH), 3600-3100 (OH); MS (CI+): m/e= 247 (M++l, 3%), 229 (-H20, 7%), 211 
(-2H20,4%), 173 (25%), 135 (32%), 105 (71%), 91 (C7H7+). 
(Ä)-9-Benzyloxy-6-decyn-l-ol (5c). 
The procedure described for 5a was used. From 19 g of crude 4c (55 mmol), 13.44 g of pure 5c (51.7 
mmol, 94%) was obtained, after chromatography (hexane /EtOAc 2:1). ]H NMR (90 MHz, CDC13): 
δ 7.43-7.13 (m, 5H, Ph), 4.53 (s, 2H, CHjPh), 3.83-3.43 (m, ЗН, HC-CH3, СН2ОН), 2.70-1.90 (m, 
4Н, CHj-CsC-CHz), 1.80 (bs, IH, -OH). 1.70-1.37 (m, 6H, remaining protons), 1.23 (d, 3H, J= 6 Hz, 
CH3); IR (CCI4, cm 1 ) : 3630 (OH), 3600-3100 (OH); MS (CI+): m/e= 261 (M++l, 2%), 243 (-H20, 
21%), 225 (-2H20, 1%), 91 (C7H7 +, 100%). 
(Ä)-7-Benzyloxy-4-octynal (6в). 
Oxalylchloride (2.49 mL, 28.7 mmol) was dissolved in 60 mL of CH2C12 at -78°C under argon 
atmosphere and DMSO (4.29 mL, 60.6 mmol) in 8 mL of CH2C12 and 5a (6.66 g, 28.7 mmol) in 
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CH2C12 (20 ttiL) were added. After stirring for 20 min at -78°C, Et3N (20 mL) was added and the 
reaction mixture was allowed to warm up to room temperature. Water was added and then the 
solution was extracted three times with CH2C12. The combined organic layers were washed with 
saturated NaCI, 1% HCl (twice) and 5% №2СОз (twice). The organic layer was dried over MgS04 
and concentrated in vacuo, giving aldehyde 6a (6.18 g. 26.9 mmol) almost quantitatively. Because of 
the low stability of aldehydes in general, products 6 were not purified but directly used in the next 
step. IR showed that no starling material was present. Ή NMR (90 MHz, CDC13): δ 9.77 (s, IH, 
Н-С=0), 7.40-7.10 (m, 5Н. Ph), 4.52 (s, 2H, CHjPh), 3.62 (sext., IH, HC-CHj), 2.70-2.13 (m, 6H, 
remaining protons), 1.25 (d, 3H, J= 6 Hz, CH,); IR (ССЦ, cm 1 ) : 1725 (CO). 
(Jt)-8-Benzyloxy-5-nonynaI (6b). 
The procedure described for 6a was used. From 11.0 g of 5b (44.7 mmol) gave 10.9 g of crude 6b, 
which was sufficiently pure for further use. Ή NMR (90 MHz, CDC13): δ 9.73 (s, IH, Н-С=0), 
7.50-7.13 (m, 5Н, Ph), 4.53 (s. 2H, CH^Ph), 3.63 (sext., IH, HC-CH3), 2.67-2.07 (m, 6H, 
Cìb-CsC-CHj, CH2CH=0), 1.97-1.58 (m, 2H, -CHj-), 1.27 (d, 3H, J= 6 Hz, CRj); IR (ССЦ. cm 1 ): 
1725 (СО). 
(Jr)-9-Benzyloxy-6-decynal (6c). 
The procedure described for the 6a was used. Starting from 5c (12.44 g) gave 6c in an almost 
quantitative yield. IR (CCI,, cm 1 ) : 1725 (CO). 
Ethyl (2E,9Jt)-9-benzyloxy-dec-2-en-6-ynoate (7a). 
LiCl (1.36 g) was suspended in acetonitrile under argon. Trielhyl phosphonoacelate (7.6 g, 32 mmol) 
and diisopropyleihylamine (3.6 g, 28 mmol) were added to this suspension. After stirring for 15 min 
at room temperature, 6a (6.18 g, 26.9 mmol) in CH3CN (20 mL) was added .The reaction was 
monitored by GC. After stirring overnight the solvent was concentrated under reduced pressure and 
water was added. This mixture was extracted three times with ether. The organic layers were dried 
over MgS0 4 and concentrated in vacuo. After chromatography (hexane/ EtOAc 10:1), 6.00 g of 7a 
(20 mmol) was obtained in 74% yield. Ή NMR (90 MHz, CDC13): δ 7.58-7.18 (m, 5H, Ph), 
7.18-6.77 (m, IH, СН=С-С=0), 5.88 (d, IH, J= 16.0 Hz, C=CH-C=0), 4.56 (s, 2H, CH2Ph), 4.20 (q, 
2H, J= 7.3 Hz, OCHjCHj), 3.66 (sext.. IH, HC-CH3), 2.70-2.11 (m, 6H, CHj-CsC-CHj, CHj-C=C), 
1.29 (d, 3H, J= 6.0 Hz, CH2CHj), 1.27 (t. 3H, J=7.0 Hz, CHj-CH-O); IR (CC14, cm 1 ) : 1715 (CO), 
1650 (C=C); MS (CI+): m/c= 301 (M++l, 3%), 283 (-H20, 1%), 269 (-CH3OH, 10%), 255 
(C 2 H 5 OH, 3%), 209 (-PhCH3, 11%), 193 (-PhCH2OH, 11%), 91 (C7H7 +, 100%). 
Ethyl (2£,10Jr>10-benzyloxy-undec-2-en-7-ynoate (7b). 
The procedure described for 7a was followed. From crude 6b (10.9 g) and trielhyl phosphono acetate 
Chapter 3 37 
(10.5 mL, 52.8 mmol), 7b (10.39 g, 33.0 mmol, 75%) was obtained after chromatography (hexane/ 
EtOAc 10:1). Ή NMR (90 MHz, CDC13): δ 7.50-7.25 (m, 5H, Ph), 6.97 (dt, IH, J= 15.0, 6.8 Hz, 
СН=С-С=0), 5.85 (d, IH, J= 15.0 Hz, C=CH-C=0), 4.58 (s, 2H, С і у Ъ ) , 4.17 (q, 2H, J= 7.5 Hz, 
OCH2CH3), 3.67 (sext, IH, HC-CH3), 2.60-2.05 (m, 6H, Oh-CsC-CH^, C H j - C ^ ) , 1.90-1.47 (m, 
2H, -CH2-), 1.43-1.13 (m, 6H, 2 CHj); IR (ССЦ, cm 1 ) : 1720 (CO), 1655 (C=C); MS (СГ): m/e= 
315 (M++l, 100%), 297 (-H20, 11%), 269 (-C2H5OH, 13%), 223 (-PhCH3, 22%), 207 (-PhCH2OH, 
13%), 91 (C7H7 +, 82%). 
Ethyl (2E,lLR)-ll-benzyloxy-dodec-2-en-8-ynoate (7c). 
The procedure described for 7a was followed. Starting from бс (12.3 g) and triethyl 
phosphonoacetate (12.86 g, 57.4 mmol) gave, after chromatography (hexane/EtOAc 10:1) 7c (13.66 
g, 41.6 mmol, 87%). Ή NMR (90 MHz, CDC13): δ 7.47-7.18 (m, 5H, Ph), 6.93 (dt, IH, J= 15.0, 6.8 
Hz, CH=C-C=0), 5.83 (d, IH, J= 15.0 Hz, C=CH-C=0), 4.58 (s, 2H, CH2Ph), 4.17 (q, 2H, J= 7.0 
Hz, OCH2CH3), 3.65 (sext., IH, HC-CH3), 2.70-1.97 (m, 6H, CHj-C^C-CHj, CH2-C=C), 1.77-1.42 
(m, 4H, -CHjCHj-). 1.42-1.20 (m, 6H, 2 CHj); IR (CC14, cm 1 ) : 1720 (CO), 1655 (C=C); MS (CI+): 
m/e= 329 (M++l, 25%), 311 (-H20, 3%), 283 (-C2H5OH, 4%), 265 (-C2H5OH -H 20, 4%), 237 
(-C2H50H -H 2 0 - CO, 9%), 91 (C 7H 7\ 100%). 
(2£,9/f)-9-Benzyloxy-dec-2-en-6-yn-l-ol(8a). 
DibalH (41 mL) was added to a solution of 7a (6.0 g, 20 mmol) in ether (120 mL) at 0°C under 
argon. After 2.5 h, the reaction was complete. The reaction mixture was quenched with 
Na2SO4.10H2O (7 g). This mixture was stirred for 1 h. After filtration of the insoluble salts, the 
filtrate was dried over MgS0 4 and concentrated in vacuo, giving 6.1 g of crude product. GC analysis 
showed that still 35 % of starting material was present, separation by chromatography (hexane/ 
EtOAc 3:1) gave pure 8a (3.34 g, 12.9 mmol) and starting material 7a (1.06 g, 3.5 mmol) which was 
again treated with DibalH to give, after work-up and chromatography, 0.65 g of 8a (total yield 78%). 
•H NMR (90 MHz, CDC13): δ 7.50-7.20 (m, 5H, Ph), 5.77-5.60 (m, 2H, -НС=СН), 4.53 (m, 2Н, 
CH2Ph), 4.00 (d, 2Н, J= 3 Hz, -CH2OH), 3.62 (sext., IH, HC-CH3), 2.47-2.13 (m, 6Н, 
CH2-CsC-CH2, СН2-С=С), 2.00 (bs, IH, -OH). 1-25 (d, 3H, J= 6 Hz, -CHj); IR (CC14, cm 1 ) : 3610 
(OH), 3700-3200 (OH); MS (CI+): m/e= 259 (M++l, 5%), 241 (-H20, 14%), 223 (-2H20, 11%), 197 
(25%), 183 (40%), 135 (58%), 91 (C 7 H 7 \ 100%). 
(2E,10Ä)-10-Benzytoxy-undec-2-en-7-yn-l-ol(8b). 
The procedure described for 8a was followed. From 7b (10.0 g, 32 mmol), 5.00 g of 8b (18.4 mmol, 
57%) was obtained, after chromatography (hexane/EtOAc 3:1). Repetition of the procedure with 
fresh DibalH gave 8b in 80 % yield. lH NMR (90 MHz, CDC13): δ 7.50-7.10 (m, 5H, Ph), 5.77-5.60 
(m, 2H, -НС=СН-), 4.57 (m, 2Н, CH2Ph), 4.00 (d, 2Н, J= 3 Hz, -CH2OH), 3.63 (sext., IH, 
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НС-СНз), 2.60-2.00 (m, 7H, C H ^ O C - C H j , СН2-С=С, -ОН). 1.83-1.40 (m, 2Н, -СН2-), 1.27 (d, 
ЗН, і= 6 Hz, -СНз); IR (СС14, c m
1 ) : 3620 (ОН), 3600-3250 (ОН), 1670 (С=С). 
(2£,llR)-ll-Benzyloxy-iindec-2-en-8-yn-l-ol(8c). 
The procedure described for 8a was followed. Starting from 7c (12.66 g, 38.6 mmol) and fresh 
DibalH (85 mL) gave 10.73 g of 8c (37.5 mmol, 97%) which was sufficiently pure (98 % on GC) for 
further use. lH NMR (90 MHz, CDC13): δ 7.53-7.13 (m, 5H, Ph), 5.76-5.55 (m, 2H, -HC=CH), 4.57 
(m, 2Н, CHzPh), 4.03 (d, 2H, J= 3 Hz, -СЩЭН), 3.83-3.40 (m, IH, HC-CH3), 2.67-1.80 (m, 7H, 
CTb-OC-Qfe, CH2-C=C, -OH), 1.73-1.17 (m, 4H, -CHjCHj-), 1.28 (d, 3H, J= 6 Hz, -CH3); IR 
(CCI4, cm"1): 3620 (OH), 3700-3100 (OH); MS (СГ): m/e= 287 (M++l, 1%), 269 ( H 2 0 , 5%), 199 
(8%). 173 (25%), 135 (45%), 91 (C7H7+, 100%). 
(2S^S^9Ä)-9-Benzyloxy-2,3-epoxy-6-decyn-l-ol(9a). 
L(+)-DET (113 μ ι , 0.66 mmol) and TÏ(OiPr)4 (164 \iL, 0.55 mmol) were added to a suspension of 1 
g of powdered molecular sieves (4À) in 100 mL of CH2C12 at -20°C under argon. fBuOOH (5.4 ml, 
22 mmol, M=4.08 in dichloroethane) was then slowly added. After stirring between -20°C and -15°C 
for 0.5 h, a solution of 8a (2.83 g, 11 mmol) in CH2C12 (5 mL) was added in 20 min. The reaction 
was monitored by TLC. After stirring for 3.5 h at -20°C to -15°C the reaction mixture was quenched 
with a precooled solution of FeS04 (3.7 g) and DL-tartaric acid (1.1 g) in water (11 mL). After 
stirring for 5 min, the layers were separated, the aqueous layer was extracted twice with ether, the 
combined organic layers were cooled to 0°C and then treated with precooled 30% NaOH (3 mL) in 
satd. NaCl. This mixture was stirred for further 1 h. Water was added and the solution was then 
extracted three times with ether. The combined organic layers were dried and concentrated in vacuo. 
After chromatography (hexane/EtOAc 1:1), 2.83 g of pure 9a (10.3 mmol, 94 %) was obtained as a 
colorless oil. Ή NMR (90 MHz, CDCI3): δ 7.53-7.17 (m, 5Η, Ph), 4.53 (s, 2H, CH2Ph), 3.93-3.33 
(m, 3H, CHjOH, HC-CH3), 3.12-2.83 (m, 2H, HC(O)CH). 2.62-2.07 (m, 5H, CHj-CsC-CHz, OH). 
1.93-1.53 (m, 2H, -CH2-), 1.23 (d, 3H, J= 6 Hz, CH3); IR (CC14, cm"1): 3600 (OH), 3650-3200 (OH); 
MS (CI+): m/e= 275 (M++l, 21%), 257 (-H20, 40%), 239 (-2H20, 8%), 231 (-C3H8, 51%), 167 
(-PhCH2OH, 34%), 91 (C7H7 +, 100%); [a]20D=-17.7 (c 0.94, CHCI3). 
(25,3S,10AM0-Benzyloxy-2¿-epoxy-7-undecvn-l-ol(9b). 
The procedure described for 9a was followed. From 8b (5.00 g, 18.4 mmol), 4.86 g of 9b was 
obtained after chromatography (hexane/EtOAc 2:1) in a yield of 92 %. 'H NMR (90 MHz, CDCI3): 
δ 7.50-7.20 (m, 5H, Ph), 4.56 (s, 2H, CH^Ph), 4.00-3.33 (m, ЗН, CH^OH, HC-CH3), 3.07-2.80 (m, 
2H, HC(O)CH), 2.67-2.00 (m, 5Н, CH^-CsC-CHj, ОН), 1.90-1.43 (m, 4Н, -CHjCH^-), 1.27 (d, ЗН, 
J= 6 Hz, CH3); IR (CC14, cm 1 ) : 3650-3200 (OH); MS (CI+): m/e= 287 (MM, 0.4%), 271 (M++l 
-H20,0.14%), 181 (-PhCH2OH, 4%), 91 (C7H7+, 52%). 
Chapter 3 39 
(2S3S,llÄHl-Benzyloxy-23-epoxy-8-dodecyn-l-ol(9c). 
The procedure described for 9a was followed. From 8c (10.73 g, 38.6 mmol), 9.13 g of 9c (30.2 
mmol, 78%) was obtained, after chromatography (petroleum ether 60-80/ EtOAc 2:1). lH NMR (90 
MHz, CDCI3): δ 7.50-7.13 (m, 5Η, Ph), 4.53 (s, 2H, CHjPh), 3.97-3.30 (m, 3H, CH^OH, HC-CH3), 
3.00-2.73 (m, 2H, HC(O)CH). 2.67-1.93 (m, 5H, СЩС^С-СНг, OH), 1.83-1.20 (m, 6H, 
-СНгСНгСНг-). 1-27 (d, 3H, J= 6 Hz, CH3); IR (ССЦ, cm 1 ) : 3650-3200 (OH); MS (СГ): m/e= 301 
(M+-l, 0.4%), 285 (-H20, 5%), 173 (-H20 -C 7H 1 20, 7%), 105 (68%), 91 (C7H7 +, 100%); [a] 2 0 D = 
-11.9 (c 0.96, CHCI3). 
(2A,85,9S)-2-Benzyloxy-8^-epoxy-10-(tórt-butyldimethylsiloxy)-4-decyne(10a). 
Imidazole (1.85 g, 27.2 mmol) and TBDMSCl (1.75 g, 11.6 mmol), dissolved in DMF (36 mL) were 
added to a solution of 9a (3 g, 10.9 mmol) in DMF (36 mL) under argon. The reaction was 
monitored by TLC. After stirring for 2 h, water was added and the mixture was then extracted three 
times with hexane. The combined organic layers were washed with water, dried over MgS04 and 
concentrated in vacuo, giving 3.97 g of crude 10a (10.2 mmol, 94 %) which was sufficiently pure for 
further use. Ή NMR (90 MHz, CDCI3): δ 7.45-7.18 (m, 5Η, Ph), 4.60 (s, 2H, CH2Ph), 4.02-3.57 (m, 
3H, HC-CH3, CHjOSi), 3.13-2.88 (m, 2H, HC(O)CH). 2.60-2.10 (m, 4H, СНг-ОС-СНг), 2.00-1.67 
(m, 2H, -CH2-), 1.37 (d, 3H, J= 6 Hz, CH3). 103 (s, 9H, tBu), 0.18 (s, 6H, SUMe)^; IR (CC14, cm 1 ) : 
1250 (C-Si); MS (СГ): m/e= 389 (M++l, 2%), 371 (-H20, 12%), 281 (-PhCH2OH, 17%), 257 
(-TBDMSOH, 8%), 195 (28%), 149 (-PhCH2OH -TBDMSOH, 17%), 91 (C7H7 +, 100%). 
(2ff,95,105)-2-Benzyloxy-9,10-epoxy-ll-(tert-butyldimethylsiloxy)-4-undecyne(10b). 
The procedure described for 10a was followed. From 9b (4.86 g, 16.9 mmol), 6.74 g of 10b (16.8 
mmol, 99%) was obtained after chromatography (hexane/EtOAc 10:1). ·Η NMR (90 MHz, CDCI3): 
δ 7.56-7.20 (m, 5Η, Ph), 4.60 (s, 2H, CH^Ph), 3.97-3.37 (m, 3H, HC-CH3, CH2OSi), 3.10-2.77 (m, 
2H, HC(O)CH), 2.57-2.10 (m, 4H, CHj-CsC-CH^), 1.97-1.53 (m, 2H, -CH^CH^-), 1.37 (d, 3H, J= 6 
Hz, CH3), 0.98 (s, 9H, tBu), 0.18 (s, 6H, Si(Me)2); IR (CC14, cm 1 ): 1250 (C-Si). 
(2A,105,llS)-2-Benzyloxy-10,ll-epoxy-12-(tórt-butyldimethylsiloxy)-4-dodecyne(10c). 
The procedure described for 10a was followed. From 9c (7.62 g, 25.2 mmol), 10.55 g of crude 10c 
(25 mmol, 99%) was obtained which was sufficiently pure (99% on GC) for further use. lU NMR 
(90 MHz, CDCI3): δ 7.60-7.25 (m, 5H, Ph), 4.67 (s, 2H, CH2Ph), 4.00-3.53 (m, ЗН, HC-CH3, 
CH2OSi), 3.00-2.80 (m, 2H, HC(O)CH), 2.60-2.10 (m, 4Н, CH^-C^C-CH^), 1.97-1.50 (m, 2H, 
-CHîCHjCHi-), 1.40 (d, ЗН, J= 6 Hz, CH3), 1.03 (s, 9H, tBu), 0.23 (s, 6H, SiÇMe)^; IR (CC14, 
cm1): 1250 (C-Si). MS (СГ): m/e= 417 (ΝΓ+1, 0.5%), 399 (-H20, 1.4%), 309 (-PhCH2OH, 4%), 
267 (-H20 -TBDMSOH, 4%), 117 (36%), 91 (C7H7 +, 100%). 
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(2A,8S,9S)-8,9-Epoxy-10-(tórt-butyldimethylsiloxy)-decan-24il (Па). 
10а (3.83 g, 9.86 mmol) was dissolved in absolute ethanol (200 mL). This solution was hydro-
genated for 2.5 h with ±100 mg of Pd/C (10%) as catalyst. The catalyst was removed by filtration 
and the filtrate was concentrated in vacuo. After chromatography (hexane/EtOAc 3:1), pure 11a was 
obtained in 72% yield. Ή NMR (90 MHz, CDC13): δ 3.93-3.50 (m, 3H, HC-CH3, CH^OSi), 
2.92-2.70 (m, 2H, НС(0)СН). 1.93-1.30 (m, ПН, ОН, -(СН2) ), 1.30 (d, ЗН, J= 6 Hz, CHj), 0.93 
(s, 9H, tBu), 0.12 (s, 6H, SiMe2); IR (CC14, cm 1 ): 3620 (OH), 3700-3140 (OH), 1250 (C-Si); MS 
(СГ): m/e= 303 (M++l, 10%), 285 (-H20,44%), 267 (-2H20, 13%), 227 (-2H20 -C4H1 0, 18%), 171 
(-TBDMSOH, 17%), 153 (67%), 135 (100%), 109 (68%). 
(2W,95,10S)-9,10-Epoxy-ll-(tert-butyldimethylsiloxy>undecan-2-oI(llb). 
The procedure described for H a was followed. Conversion of 10b (5.27 g, 13.1 mmol) gave 2.70 g 
of l i b after chromatography (hexane/EtOAc 4:1). Ή NMR (90 MHz, CDC13): δ 3.95-3.50 (m, ЗН, 
HC-CHj, CH2OSi), 2.93-2.67 (m, 2H, HC(O)CH). 1.80-1.25 (m, 13Н, ОН, -(СН^-), 1.30 (d, ЗН, 
J= 6.3 Hz, CHj), 0.92 (s, 9H, tBu), 0.10 (s, 6H, SiMe2); IR (ССЦ, cm"1): 3620 (OH), 3600-3200 
(OH), 1250 (C-Si); MS (СГ): m/e= 317 (M++l, 8%), 299 (-H20, 57%), 281 (-2H20, 10%), 241 
(-H20 -C 4H 1 0, 26%), 149 (-TBDMSOH, 100%), 117 (98%). 
(2R,10S,1 ÍS)-10,1 l-Epoxy-12-(fer*-butyldimethylsiloxy)-dodecan-2-ol (1 le). 
The procedure described for l i a was followed. Starting from 10c (4.85 g) gave l i e (2.70 g, 8.2 
mmol) in a yield of 70% after chromatography (petroleum ether 60-80/EtOAc 4:1). Ή NMR (90 
MHz, CDCI3): δ 4.00-3.53 (m, ЗН, НС-СН3. CHjOSi), 3.00-2.73 (m, 2Н, НС(О)СН), 1.80-1.20 (m, 
15Н, ОН, - ( C H J V ) , 1.27 (d, ЗН, J= 7.0 Hz, CH3), 0.97 (s, 9H, tBu), 0.20 (s, 6H, SiMej); IR (CC14, 
cm
1 ) : 3620 (OH), 3650-3140 (OH); MS (СГ): m/e= 331 (M++l, 49%), 313 (-H20, 100%), 295 
(-2H20,21%), 163 (-2H20 -TBDMSOH, 100%). 
(2Ä,8S,9S)-2-Acetoxy-8^-epoxy-10-(tert-butyldiimthylsiloxy)-decane(12a). 
Acetic anhydride (2.5 g, 24.5 mmol) and 4-dimethylaminopyridine DMAP (10 mg) were added to a 
solution of 11a (2.04 g, 6.74 mmol) in pyridine (17 mL). After stirring for 1.5 h the reaction was 
complete and ice was added. This mixture was extracted three times with ether. The organic layers 
were washed with satd. NaHC03 and water, dried over MgS04 and concentrated in vacuo. After 
stripping with toluene, 2.32 g of 12a (6.74 mmol, 100%) was obtained. ·Η NMR (90 MHz, CDC13): 
δ 5.07-4.60 (m, IH, HC-CH3), 3.90-3.47 (m, 2Н, CH^OSi), 2.95-2.63 (m, 2H, HC(O)CH), 2.00 (s, 
ЗН, Ac), 1.77-1.27 (m, ЮН, -(CH2)5-), 1.17 (d, ЗН, J= 6 Hz), 0.90 (s, 9H, tBu), 0.10 (s, 6H, SiMe^; 
IR (CC14, cm 1 ) : 1730 (CO), 1250 (C-Si). 
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(2A,9S,10S)-2-Acetoxy-9,10-epoxy-ll-(tórt-butyldimethylsiloxy)-undecaiie(12b). 
The procedure described for 12a was followed. From l i b (2.71 g, 8.6 mmol), 2.84 g of 12b (7.93 
mmol, 92%) was obtained after usual work-up. This compound was sufficiently pure (90% on GC) 
for further use. Ή NMR (90 MHz, CDC13): δ 4.93 (sext., IH, HC-CH3), 3.95-3.55 (m, 2Н, QbOSi), 
2.98-2.75 (m, 2H, HC(O)CH), 2.07 (s, ЗН, Ac), 1.83-1.20 (m, 12H, -(CH^-), 1.17 (d, 3H, J= 6 Hz), 
1.00 (s, 9H, tBu), 0.17 (s, 6H, SiMe^; IR (CC14, cm 1 ) : 1730 (CO), 1240 (C-Si). 
(2Ä,10S,llS)-2-Aceioxy-10,ll-epoxy-12-(tert-butyldimethylsiloxy)-dodecane(12<:). 
The procedure described for 12a was followed. Starting from l i e (5.6 g, 17 mmol) gave 6.09 g of 
12c (16.4 mmol, 96%) after work-up, which was sufficiently pure (99% on GC) for further use. Ή 
NMR (90 MHz, CDCI3): δ 4.90 (sext., IH, HC-CH3), 3.93-3.53 (m, 2H, CH2OSi), 2.97-2.67 (m, 2H, 
НС(О)СН). 2.00 (s, ЗН, Ас), 2.73-2.17 (m, 12Н, -(CR^-), 2.22 (d, ЗН, J= 6 Hz), 0.93 (s, 9H, tBu). 
0.10 (s, 6H, SiMe2); IR (CC14, cm 1 ): 1740 (CO), 1240 (C-Si); MS (СГ): m/e= 373 (M++l, 26%), 
355 (-Н20, 48%), 313 (-НОАс, 21%), 295 (-НОАс -Н20, 15%), 255 (-НОАс -С4Н1 0, 36%), 163 
(-НОАс -Н 20 -TBDMSOH. 100%). 
(2S,3S,9Ä)-9-Acetoxy-2,3-epoxy-decan-l-ol(13a). 
Tetrabutylammonium fluoride (6.8 mL, IM in THF) was added to a solution of 12a (3.34 g, 6.8 
mmol) in 40 mL of THF at 0°C via a syringe. The reaction was monitored by GC. After 15 min., the 
reaction was complete and satd. NH4CI was then added. This mixture was extracted three times with 
ether. The combined organic layers were dried over MgS04 and concentrated in vacuo. 
Chromatography (hexane/EtOAc 1:1) gave 13a (1.41 g, 6.12 mmol) in 90% yield. Ή NMR (90 
MHz, CDCI3): δ 4.90 (sexL, IH, HC-CH3), 4.00-3.40 (m, 2H, CHjOH), 3.03-2.73 (m, ЗН, 
НС(0)СН, ОН), 2.00 (s, ЗН, Ас), 1.77-1.27 (m, ЮН, -(СН^-). 1.20 (d, ЗН, J= 6 Hz, CHj); IR 
(CC14, cm"1): 3650-3200 (OH), 1725 (CO); MS (CI+): m/e= 231 (M++l, 1%), 213 (-H20, 1%), 171 
(-HOAc, 13%), 153 (-H20 -HOAc, 21%), 135 (-2H20 -HOAc, 90%), 109 (100%). 
(2S,3S,10Ä)-10-Acetoxy2,3-epoxyundecan-l-oI(13b). 
The procedure described for 13a was followed. Starting from 12b (2.84 g, 7.93 mmol) gave 13b 
(1.77 g, 7.25 mmol) in 92 % yield after chromatography (hexane/EtOAc 1:1). lH NMR (90 MHz, 
CDC13): δ 4.66 (sext., IH, HC-CH3), 3.85 and 3.61 (dq ,2H, J= 12, 2 Hz resp. J= 12, 4 Hz, CHjOH), 
3.05-2.80 (m, 2H, HC(O)CH). 2.40 (bs, IH, OH). 2.03 (s, 3H, Ac), 1.75-1.10 (m, 12H, -(CH^-), 
1.17 (d, 3H, J= 6 Hz, CH3); IR (CC14, cm 1): 3600-3200 (OH), 1730 (CO). 
(2SJS,llR)-ll-Acetoxy-2,3-epoxy-dodecan-l-ol(13c). 
The procedure described for 13a was followed. From 12c (6.0 g, 16.1 mmol), 4.15 g of crude 13c (16 
mmol, 99%) was formed. ]H NMR (90 MHz, CDC13): δ 5.10-4.67 (m, IH, HC-CH3), 4.05-3.40 (m, 
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2H, СНгОН), 3.07-2.73 (га, 2Н, НС(О)СН). 2.50 (bs, IH, ОН). 2.00 (s, ЗН, Ac), 1.73-1.10 (m, 14H, 
- ( Q b V ) . 1-20 (d, ЗН, J= 6 Hz, CHj); IR (CC14, cm 1 ): 3650-3200 (OH), 1730 (CO); MS (СГ): 
m/e= 259 (M++l, 42%), 241 (-H20. 10%), 199 (-HOAc, 70%), 181 (-HOAc -H 20, 32%), 163 
(-2H20 - HOAc, 100%). 
(35,4S,10ÄH0-Acetoxy-l-diazo-3,4-epoxy-undecan-2-one(14a). 
NaI04 (4.2 g, 19.6 mmol, 3.1 moleq.) and RuCl3.H20 (31 mg, 2.2 mol%) were added to a solution of 
13a (1.45 g, 6.32 mmol) in CC14 (13 mL), CH3CN (13 mL) and H20 (20 mL). The reaction was 
monitored by TLC. After stirring for 2 h, CH2C12 (30 mL) and water (30 mL) were added and the 
layers were then separated. The aqueous layer was extracted three times with CH2C12. The organic 
layer was dried over MgS04 and concentrated in vacuo. The black residue was dissolved in dry ether 
(40 mL) and cooled to 0°C under argon atmosphere. /-Butyl chloroformate (860 mg, 6.32 mmol) and 
triethylamine (960 rag, 9.48 mmol) were added to this solution. This mixture was stirred for 1 h at 
0°C. The precipitate was filtered off under argon flow and the filtrate was added to excess 
diazomethane solution (100 mL, ±0.3M) in ether. This mixture was left overnight Excess 
diazomethane was removed by flushing with nitrogen. After evaporation, the residue was purified by 
chromatography (hexane/EtOAc 3:1), giving 14a (1.07 g, 4.0 mmol) in 63% yield (yellow oil). Ή 
NMR (90 MHz, CDCI3): δ 5.48 (s, IH, CHN2), 4.87 (sext., IH, HC-CH3), 3.20 (d, IH, J= 2 Hz, 
0-CH-C=0), 3.07-2.87 (m, IH, H-C(O)C-), 2.00 (m, 3H, Ac), 1.73-1.25 (m, ЮН. -(CH2)5-), 1.17 (d, 
ЗН, J= 7.0 Hz, CH3); IR (CC14, cm 1 ) : 3120 (CHN2), 2120 (CNz), 1725 (COCH3), 1640 (COCN2); 
MS (СГ): m/e= 269 (M++l, 100%), 241 (-N2,9%), 181 (-N2 -HOAc, 17%), 163 (-N2 -HOAc -H20), 
135 (20%), 121 (30%), 109 (30%), 95 (49%), 81 (48%). 
(35,4S,llÄ)-ll-Acetoxy-l-diazo-3,4-epoxy-dodecan-2-one(14b). 
The procedure described for 14a was followed. From 13b (1.77 g, 7.25 mmol), 1.29 g of 14b (4.57 
mmol, 63%) was obtained as a yellow oil after chromatography (hexane/EtOAc 3:1). Ή NMR (90 
MHz, CDCI3): δ 5.47 (s, IH, CHN^, 4.88 (sext., IH, HC-CH3), 3.20 (d, IH, J= 1.5 Hz, 0-СН-С=0). 
3.07-2.83 (m, IH, H-C(O)C-), 2.02 (m, ЗН, Ac), 1.77-1.20 (m, 12H, -(CH2)6-), 1.10 (d, ЗН, J= 6.0 
Hz, CHj); IR (CC14, cm 1 ) : 3120 (CHN2), 2120 (CN2), 1725 (COCH3), 1640 (COCN2); MS (СГ): 
m/e= 283 (M++l, 31%), 255 (-N2,4%), 223 (-HOAc, 17%), 195 (-N2 - HOAc, 9%), 177 (-N2 -HOAc 
-H20,6%), 135 (22%), 109 (26%), 95 (40%), 81 (57%), 69 (43%), 55 (68%), 43 (100%). 
(35,4S,12R)-12-Acetoxy-l-<liazo-3,4-epoxy-tridecan-2-one(14c). 
The procedure described for 14a was followed. From 13c (3.66 g, 14.2 mmol), 2.90 g of 14c (9.80 
mmol, 69%) was obtained as a yellow oil after chromatography (petroleum ether/EtOAc 3:1). Ή 
NMR (90 MHz, CDCI3): δ 5.47 (s, IH, CHN^, 4.90 (sext, IH, HC-CH3), 3.17 (d, IH, J= 2.0 Hz, 
0-СН-С=0), 3.07-2.83 (m, IH, H-C(O)C-), 2.00 (m, ЗН, Ac), 1.87-1.33 (m, 14H, -(CH 2 ) r ), 1.20 (d. 
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3H, J= 6.0 Hz, CR,); IR (CC14, cm1): 3120 (CHN2), 2120 (CN^, 1730 (COCH3), 1640 (COCNJ; 
MS (CI+): m/e= 297 (M++l, 18%). 269 (-N2. 5%), 237 (-HOAc, 12%), 209 (-N2 -HOAc, 7%). 191 
(N2 -HOAc -H20,4%), 149 (16%). 111 (18%), 95 (35%), 81 (41%), 69 (33%), 55 (39%). 
Ethyl (2£/Z,4S,10Jr)-10-Acetoxy-4-hydroxy-2-undecenoate (15a). 
A nitrogen-flushed solution of 14a (1.07 g, 3.98 mmol) in ethanol (500 mL) was in-adiated with UV 
light (300nm). The rearrangement was monitored by IR spectroscopy (disappearance of the diazo 
absorption at 2120 cm'1) and was complete after 2 h. Evaporation of ethanol gave product 15a as a 
light-brown oil (1.01 g, 89%), which was immediately used in the next step. 
Ethyl (2£/Z,4S,llR)-ll-Acetoxy-4-hydroxy-2-dodecenoate (15b). 
The procedure described for 15a was followed. Conversion of 1.25 g of 14b (4.43 mmol) gave 1.30 g 
of crude 15b (98%) as a brown/yellow oil, which was immediately used in the next step. 
Ethyl (2£/Z,45,12Ä)-12-Acetoxy-4-hydroxy-2-tridecenoate (15c). 
The procedure described for 15a was followed. Starting from 14c (2.58 g, 8.72 mmol), gave crude 
15c (2.7 g, 99%), which was immediately used in the next step. 
Ethyl (2EyZ,4S,10A)-10-Acetoxy-44tórí-butyldimethylsiloxy)-2-undecenoat« (16£a) and (162a). 
Imidazol (600 mg. 8.85 mmol) and TBDMSCI (1.07 g, 7.08 mmol) in DMF (10 mL) were added to a 
stirred solution of crude 15a (1.01 g, 3.54 mmol) in DMF (15 mL) under argon. Finally, a catalytic 
amount of DMAP was added. After stirring for 2.5 h the reaction was quenched with 10 mL of 
water. This mixture was extracted three limes with hexane. The combined organic layers were 
washed with water, dried (MgS04) and concentrated in vacuo. The residue was purified by 
chromatography (hexanc/EtOAc 15:1 later 5:1), giving successively, pure ethyl 
(2£,45,10/?)-10-acctoxy-4-(rerf-butyldimethylsiloxy)-2-undecenoate (16Ea) (656 mg, 1.64 mmol, 
46%) and ethyl (2Z,45,10Ä)-10-acetoxy-4-(terf-butyldimethylsiloxy)-2-undecenoate (16Za) (48 mg, 
0.12 mmol, 3.4 %). 16Яа: Ή NMR (90 MHz, CDC13): δ 6.70 (dd, IH, J= 16.0 , 7.0 Hz. 
HC=C-C=0), 5.73 (dd, IH, J= 16.0, 3 Hz, C=CH-C=0), 5.05-4.63 (m, IH, HC-CH3), 4.37-3.98 (m, 
3H, OCH2CH3, HC-OSi), 2.00 (s, 3H. Ac), 1.68-1.10 (m, 16H, remaining protons), 0.75 (s. 9H. tBu), 
0.05 (s, 6H, SiMe^); IR (CC14, cm 1 ) : 1715 (CO), 1655 (C=C), 1250 (C-Si); MS (CI+): m/e= 401 
(M++l, 13%), 355 (-HOEt, 5%), 341 (-HOAc, 13%), 327 (-HOEt -CO, 6%), 295 (-HOEt -HOAc, 
10%), 283 (-HOAc -C4H1 0, 16%), 269 (-TBDMSOH, 42%), 223 (-HOEt -TBDMSOH, 100%), 209 
(-HOAc -TBDMSOH, 100%), 163 (-HOEt -HOAc -TBDMSOH, 38%), 75 (SiMe2OH\ 55%). 16Za: 
Ή NMR (90 MHz, CDC13): δ 6.15 (dd, IH, J= 12.0 , 7.5 Hz, HC=C-C=0), 5.70 (dd, IH, J= 12.0, 
1.0 Hz, C=CH-C=0), 5.48-5.20 (m, IH, HC-OSi), 5.12-4.73 (m, IH, HC-CH3), 4.18 (q, 2H. J= 7.0 
Hz, OCHjCHj), 2.05 (s, 3H, Ac), 1.70-1.13 (m, 16H,remaining protons), 0.93 (s, 9H, tBu), 0.10 (s. 
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6H. SiMe^; IR (CC14, cm 1 ) : 1715 (CO), 1645 (C=C), 1240 (C-Si); MS (CI+): m/e= 401 (M++l, 
7%), 385 (-CH4, 17%), 355 (-HOEt, 3%), 343 (-С4Ню, 25%), 325 (-C4HI0 -H 20, 8%), 283 (-C4H10 
-HOAc, 53%), 269 (-TBDMSOH, 75%), 223 (-HOEt, TBDMSOH, 42%), 209 (-HOAc, 
-TBDMSOH, 100%), 181 (52%), 163 (-HOEt-HOAc -TBDMSOH, 77%), 75 (SiMe2OH+, 63%). 
Ethyl (2£/Z,4S,lLR)-ll-Acetoxy-4-(tert-butyldimethylsiloxy)-2-dodecenoate (16£b) and (16Zb). 
The procedure described for 16a was followed. Conversion of 15b (1.30 g, 4.33 mmol) gave 
successively, pure ethyl (2E,4£,ll.i?)-ll-acetoxy-4-(fert-butyldirnethylsiloxy)-2-dodecenoate (16£b) 
(868 mg, 2.1 mmol, 48 %) and pure ethyl (2Z,4S,llÄ)-ll-acetoxy-4-(iert-butyldimethylsiloxy)-
-2-dodecenoate (16Zb) (110 mg, 0.27 mmol, 6%), after chromatography (hexane/EtOAc 15:1). 
16£b: ·Η NMR (90 MHz, CDC13): δ 6.90 (dd, IH, J= 16.0 , 4.5 Hz, НС=С-С=0), 5.73 (dd, IH, J= 
16.0, 2.0 Hz, C=CH-C=0), 5.15-4.65 (m, IH, HC-CH3), 4.47-4.07 (m, 3H, OCHjCHj, HC-OSi), 
2.07 (s, 3H, Ac), 1.80-1.20 (m, 18H, remaining protons), 0.98 (s, 9H, tBu), 0.13 (s, 6H, SiMej); IR 
(CCI4, cm"1): 1720 (CO), 1655 (C=C), 1245 (C-Si); MS (СГ): m/e= 415 (M++l, 27%), 369 (-HOEt, 
4%), 355 (-HOAc, 11%), 309 (-HOEt -HOAc, 13%), 283 (-TBDMSOH, 49%), 237 (-HOEt 
-TBDMSOH, 60%), 223 (-HOAc -TBDMSOH, 100%), 177 (-HOEt -HOAc -TBDMSOH, 30%), 75 
(SiMe2OH+, 59%). 16Zb: Ή NMR (90 MHz. CDCI3): δ 6.15 (dd, IH, J= 12.0 , 7.5 Hz, 
HC=C-C=0), 5.68 (d, IH, J= 12.0, C=CH-C=0), 5.50-5.20 (m, IH, HC-OSi), 5.08-4.70 (m, IH, 
HC-CH3), 4.20 (q, 2H, J= 7.5 Hz, OCH2CH3), 2.07 (s, 3H, Ac), 1.80-1.20 (m, 18H,remaining 
protons), 0.99 (s, 9H, tBu), 0.11 (s, 6H, SiMe2); IR (CC14, cm 1 ) : 1720 (CO), 1645 (C=C), 1240 
(C-Si); MS (CI+): m/e= 415 (M++l, 3%), 399 (-CH4, 3%), 357 (-C4H10, 20%), 297 (-C4H10 -HOAc, 
100%), 283 (-TBDMSOH, 18%), 237 (-TBDMSOH -HOEt, 11%), 223 (-TBDMSOH -HOAc, 34%), 
177 (-HOET -HOAc -TBDMSOH, 20%), 75 (SiMe2OH+, 49%). 
Ethyl (2£/Z,4S,12Ä)-12-Acetoxy-4-(tert-butyldimethylsiIoxy)-2-tridecenoate (16£c) and (16Zc). 
The procedure described for 16a was followed. Conversion of 15c (2.7 g) gave 3.5 g of crude 
product. This product was purified by chromatography (petroleum ether/hexane 15:1), giving a 
fraction of pure ethyl (2£,4S,12Ä)-12-ecetoxy-4-(reri-butyldimethylsiloxy)-2-tridecenoate (16£c) 
and a fraction which contained both 16£c and ethyl (2Z,4S,12fl)-12-acetoxy-4-(fert-butyldimethyl-
siloxy)-2-tridecenoate (16Zc), successively. The latter fraction was again purified by 
chromatography (petroleum ether 60-80,EtOAc 20:1), giving the pure isomers. The fractions with 
16Ec were merged, giving 1.55 g (3.6 mmol, 42%) of pure product. Compound 16Zc (152 mg, 0.36 
mmol) was obtained in 4% yield. 16£c: ·Η NMR (90 MHz, CDCI3): δ 6.87 (dd, IH, J= 15.0 , 5.0 
Hz, НС=С-С=0), 5.90 (dd, IH, J= 15.0, 1.5 Hz. C=CH-C=0), 4.83 (sexL, IH, HC-CH3), 4.36-4.13 
(m, IH, HC-OSi), 4.13 (q, 2H, J= 6.7 Hz, OCHjCH;,), 1.95 (s, 3H, Ac), 1.80-1.20 (m, 17H, 
remaining protons), 1.15 (d, 3H, J= 6.0 Hz), 0.86 (s, 9H, tBu), 0.00 (d, 6H, J= 1.5 Hz, SiMe2); IR 
(CC14, cm 1 ) : 1715 (CO), 1640 (C=C), 1245 (C-Si); MS (СГ): m/e= 429 (M++l, 17%), 383 (-HOEt, 
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9%), 369 (-HOAc. 34%). 323 (-HOEt, -HOAc, 27%), 311 (-HOAc -C4H„>, 42%), 297 (-TBDMSOH, 
56%), 251 (-TBDMSOH -HOEt, 74%), 237 (-TBDMSOH -HOAc. 100%), 191 (-HOEt -HOAc 
-TBDMSOH, 21%), 75 (SiMejOH*. 48%). l6Zc: Ή NMR (90 MHz, CDC13): δ 6.17 (dd, IH, J= 
11.0 , 7.5 Hz, НС=С-С=0). 5.70 (d, IH. J= 11.0, С=СН-С=0), 5.47-5.18 (га, IH, HC-OSi), 4.93 
(sext., IH, НС-СНз). 4.23 (q. 2H, J= 7.0 Hz, OCHjCHj), 2.07 (s, ЗН, Ac), 1.83-1.13 (m, 
20H,rcmaining protons), 0.93 (s, 9H, tBu), 0.12 (d. 6H, J= 4.0 Hz, SiMe2); IR (CC14, cm1): 1720 
(CO), 1655 (C=C), 1240 (C-Si); MS (СГ): m/e= 429 (M++l, 4%). 413 (-CH4, 8%), 383 (-HOEt. 
5%), 371 (-C4H10, 76%), 311 (-C4H10 -HOAc, 100%), 297 (-TBDMSOH, 39%), 251 (-TBDMSOH 
-HOEt, 5%), 237 (-TBDMSOH -HOAc, 45%), 191 (-HOEt -HOAc -TBDMSOH, 8%), 75 
(SiMc^OH*, 19%). 
Saponification of compound 1б£а with LiOH (general procedure). 
LiOH (1.5 mmol, 36 mg) was added to a stirred solution of 16£a (235 mg, 0.66 mmol) in THF (5 
mL) and H20 ( 5 mL). This solution was heated for 24 h; the reaction was monitored by TLC. The 
reaction mixture was then acidified with tartaric acid to pH 4, and extracted three times with ether. 
The combined ethereal layers were dried over MgS04 and concentrated in vacuo, giving 
(2£,4S,10Ä)-10-hydroxy-4-(f£rf-butyldimethylsiloxy)-2-undeccne carboxylic acid (17£a) (80 mg, 
0.242 mmol) in 97% yield. This product was used without purification in the next step. Ή NMR (90 
MHz, CDCIj): δ 7.00 (dd, IH. J= 15.0, 5.2 Hz. СН=С-С=0), 6.55 (bs, 2Н, ОН, СООН). 6.00 (dd. 
IH, J= 15.0, 1.5 Hz, С=СН-С=0). 4.47-4.10 (m, IH, HC-OSi), 4.00-3.57 (m, IH, HC-CH3), 
1.77-1.10 (m, ЮН, remaining protons), 1.20 (d, 3H, J= 6.0 Hz, CHj), 0.90 (s, 9H, tBu), 0.10 (s. 6H, 
SiMe3). 
(2Z,4S,10W)-10-Hydroxy-4-(tert-butyldimethylsiloxy)-2-undecene carboxylic acid (17Zb). 
The procedure for the 17£a was followed. From 16Zb (110 mg, 0.266 mmol), 65 mg of crude 17Zb 
(0.19 mmol, 71 %) was obtained after 4 days at 60°C. This product was immediately used in the next 
step. Ή NMR (90 MHz, CDC13): δ 6.27 (dd, IH, J= 11.3, 8.3 Hz, СН=С-С=0), 6.07 (bs, 2Н. ОН, 
СООН). 5.73 (d, IH, J= 11.3 Hz, С=СН-С=0), 5.43-5.10 (m, IH, HC-OSi), 4.07-3.63 (m, IH, 
HC-CH3), 1.77-1.17 (m, 12H, remaining protons), 1.20 (d, ЗН, J= 6.0 Hz, CHj). °-93 (s, 9H, tBu), 
0.11(d,6H,J=3.0Hz,SiMe3). 
Saponification of 16£b with NaOH (general procedure). 
A solution of NaOH (20 mg, 0.5 mmol) in abs. EtOH (2 mL) was added to a solution of 16£b (100 
mg, 0.241 mmol) in abs. EtOH (5 mL). After stirring for 5 h at 50°C the ethanol was concentrated, 
followed by addition of water. This solution was extracted once with ether to remove minor 
impurities. The aqueous layer was then acidified with citric acid to pH 4 and extracted three times 
with ether. The combined organic layers were dried (MgS04), concentrated in vacuo, giving 
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(2E,4S,ll/?)ll-hydroxy-4-(í<7l-butyldimethylsiloxy)-2-dodecene carboxylic acid (17£b) (82 mg, 
0.238 mmol, 99%). This product was without purification used in the next step. Ή NMR (90 MHz, 
CDClj): δ 7.03 (dd, IH, J= 15.0,4.50 Hz, СН=С-С=0), 6.03 (dd, IH, J= 15.0,2.0 Hz, С=СН-С=0). 
5.20 (bs, 2H, OH, СООН). 4.53-4.20 (m, IH, HC-OSi). 4.00-3.57 (m, IH, HC-CH3). 1.80-1.20 (m, 
12H, remaining protons), 1.27 (d, 3H, J= 6.0 Hz. CHj), 0.97 (s. 9H, iBu), 0.17 (s, 6H, SiMe^. 
(2E,4S,10Ä)-10-hydroxy-4-(i«rt-buryldimethylsik>xy)-2-undecene carboxylic acid (17Za). 
The synthesis of 17Za was carried out using the procedure described for product 17£b, giving crude 
17Za (0.115 mmol, 100%) after 9.5 h at 78 °C. This product was used in the next step without 
purification. Ή NMR (90 MHz, CDC13): δ 6.6 (bs, 2H, ОН, СООН). 6.27 (dd, IH, J= 12.0. 7.5 Hz, 
СН=С-С=0), 5.70 (dd, IH, J= 12.0,1.0 Hz, С=СН-С=0), 5.40-5.11 (m. IH, HC-OSi). 4.00-3.60 (m, 
IH, НС-СНз), 1.70-1.11 (m, ЮН, remaining prolons), 1.20 (d, 3H, J= 7.0 Hz, CHj), 0.90 (s, 9H, 
tBu), 0.07 (d, 6H, J= 3.0 Hz. SiMe3). 
(2E,4S,12R)-12-Acetoxy-4-((erf-butyldimethylsiloxy)-2-tridecene carboxylic add (17Ec). 
The procedure for the synthesis of 17Eb was followed. Starting from 16Ec (100 mg, 0.23 mmol) 
gave 80 mg of crude 17Ec (0.223 mmol, 97%) after 30 h at 60°C. The product was immediately used 
in the next step. Ή NMR (90 MHz, CDC13): δ 7.04 (dd, IH, J= 15.0, 5.00 Hz, СН=С-С=0), 6.30 
(bs, 2Н. ОН, СООН). 6.00 (dd, IH, J= 15.0, 1.5 Hz, С=СН-С=0), 4.50-4.10 (m. IH. HC-OSi). 
4.00-3.57 (m, IH, HC-CH3), 1.73-1.07 (m. 14H. remaining protons), 1.20(d, 3H, J= 6.0 Hz. CHj), 
0.93 (s. 9H, tBu), 0.10 (s, 6H. SiMej). 
(2Z,4S,12Ä)-12-Hydroxy-4-(tert-butyldimethyIsiloxy)-2-tridecene carboxylic acid (17Zc). 
The procedure for the synthesis of 17£b was followed. From 16Zc (96 mg, 0.224 mmol), 80 mg of 
17Zc (0.223 mmol, 100%) was obtained after 24 h at 78°C. This product was used in the next step 
without purification. 'H NMR (90 MHz, CDC13): δ 6.37 (bs, 2H, OH, COOH). 6.27 (dd, IH, J= 12.0, 
8.0 Hz, CH=C-C=0), 5.73 (d, IH, J= 12.0, C=CH-C=0), 5.47-5.10 (m, IH, HC-OSi). 4.05-3.60 (m, 
IH, HC-CH3), 1.77-1.20 (m, 14H, remaining protons). 1.25 (d, 3H, J= 6.0 Hz. СН3), 0.97 (s, 9H, 
tBu), 0.10 (d, 6H, J= 4.0 Hz, SiMe3). 
(2E,4S,10Ä)-4-(tert-Butyldimethylsiloxy)-2-undecen-10-olide(18£a). 
Et3N (0.275 mmol, 28 mg) was added, followed by 2,6-dichlorobenzoylchloride (0.25 mmol, 52 mg) 
to a solution of 17£a (81 mg, 0.25 mmol) in THF (5 mL) under argon. After stirring for 2 h the 
precipitate was removed by filtration under argon flow. The filtrate was diluted with 130 mL of dry 
toluene and slowly added (over 2 h) to a refluxing solution of DMAP (181 mg, 1.5 mmol) in toluene. 
After continued heating for 1 h, the reaction mixture was allowed to cool down to room temperature 
and stirring was continued for 16 h. The reaction mixture was diluted with ±100 mL of ether and 
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washed with with satd. tartaric acid and satd. NaHC03. The organic layer was dried over MgS04 and 
concentrated in vacuo. The residue was purified by chromatography (hexane/ether 20:1), giving 45 
rag of 18Ea (14.4 mol, 58%). Ή NMR (400 MHz, CDClj): δ 6.50 (dd, IH, J= 16.1. 8.5 Hz, 
CH=C-C=0). 6.22 (d, IH, J= 16.1 Hz, C=CH-C=0),4.69-4.59 (m. IH, HC-CH3), 4.36-4.28 (m. IH. 
HC-OSi), 1.76-1.25 (m, 10H, remaining protons), 1.33 (d, 3H, J= 6.2 Hz, CHj), 0.88 (s, 9H, tBu), 
0.05 and 0.00 (s, 3H, SiMeî); IR (CC14, cm1): 1715 (CO), 1640 (C=C), 1250 (C-Si); MS (CI+): m/e= 
313 (M++l. 36%), 297 (-CH4, 40%), 279 (-CH4 -H20, 7%), 255 (-C4H10, 71%), 237 (-C4H10 -H20, 
22%), 215 (22%), 181 (-TBDMSOH, 82%), 163 (-TBDMSOH, -H20, 54%), 135 (-TBDMSOH 
-H20 -CO, 100%), 75 (SiMe^OH*. 98%). 
(2Z,45,10/{)-4-(ter/-ButyldimeUiylsjloxy)-2-undecen-10-olide ( 18Za). 
The procedure for the synthesis of 18Яа was carried out with 17Za (38 mg, 0.115 mmol), giving 11 
mg of 18Za (30%), after chromatography (hexane/ElOAc 30:1). Ή NMR (400 MHz, CDC13): δ 5.88 
(dd, IH, J= 11.9, 7.55 Hz, СН=С-С=0), 5.78 (d, IH, J= 11.9 Hz, С=СН-С=0), 5.55-4.96 (m, IH. 
НС-СНз), 4.8М.73 (m, IH. HC-OSi), 1.87-1.13 (m, ЮН, remaining protons), 1.28 (d, 3H, J= 6.4 
Hz, CHj), 0.88 (s, 9H, tBu), 0.06 and 0.00 (s, 3H, SiMe2); IR (CC14, cm1): 1720 (CO). 1640 (C=C), 
1255 (C-Si); MS (СГ): m/e= 313 (МЧ1.44%), 297 (-CH4, 89%), 255 (-C4H10, 100%), 237 (-C4H10 
-H20, 17%), 215 (21%), 181 (-TBDMSOH, 100%), 163 (-TBDMSOH -H20, 84%), 135 
(TBDMSOH -H 20 -CO, 57%), 75 (SiMe^H*. 38%). 
(2£,45,ll«)-4-(tert-Butyldimethylsiloxy)-2-dodecen-ll-olide(18Eb). 
The procedure for the synthesis of 18Ea was followed. Starting from 17£b (82 mg, 0.238 mmol) 
gave 53 mg of 18Eb (0.163 mmol, 67%), after chromatography (hexane/ether 20:1). Ή NMR (90 
MHz, CDCI3): δ 6.63 (dd, IH, J= 16.0, 5.6 Hz, СН=С-С=0), 6.10 (dd, IH, J= 16.0. 1.5 Hz, 
C=CH-C=0), 5.33-4.97 (m, IH, HC-CHj). 4.67-4.40 (m, IH, HC-OSi), 1.93-1.10 (m, 12H, 
remaining protons), 1.27 (d, 3H, J= 6.0 Hz, CH,), 1.00 (s, 9H, tBu), 0.13 (s, 6H, SiMe2); IR (CC14, 
cm
1): 1715 (CO), 1645 (C=C), 1250 (C-Si); MS (СГ): m/e= 327 (M++l, 26%), 309 (-H20, 26%), 
269 (-C4H10, 100%), 251 (-C4H10 -H20, 26%), 195 (TBDMSOH, 30%), 149 (53%), 75 (SiMe2OH\ 
89%). 
(2Z,4S,lLR)-4-(tórt-ButyIdimethylsiloxy)-2-dodecen-ll-olide(18Zb). 
The procedure for the 18Ea was followed. From 17Zb (65 mg, 0.19 mmol), 20 mg of 18Zb (0.061 
mmol, 32%) and 17 mg of 18£b (0.052 mmol, 27%) were obtained after chromatography 
(hexane/ether 20:1). Ή NMR (90 MHz, CDCI3): δ 6.05 (dd, IH, J= 12.0. 7.80 Hz. СН=С-С=0), 
5.73 (d. IH, J= 12.0 Hz, C=CH-C=0). 5.33^1.93 (m, 2H, HC-CH3, HC-OSi), 2.17-1.15 (m. 12H, 
remaining protons), 1.38 (d, 3H, J= 6.0 Hz, CHj), 0.99 (s, 9H, iBu), 0.17 (d, 6H, J= 1.5 Hz, SXM^); 
IR (CCI4. cm1): 1715 (CO), 1650 (C=C), 1255 (C-Si); MS (СГ): m/e= 327 (M++l, 33%), 269 
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(-C4H,o, 100%). 251 (-C4H1 0 -Н 20, 23%), 195 (-TBDMSOH, 30%), 177 (-TBDMSOH -Н 2 0. 22%), 
149 (53%), 75 (SiMe^OH*. 89%). 
(2£,4S,12K)-4-((erf-Butyldimethylsiloxy)-2-trídecen-12-olide(18£c). 
The procedure for the synthesis of 18£a was followed. Starting from 17£c (80 mg, 0.223 mmol) 
gave 18Ec (21 mg, 0.062 mmol) in 28% yield after chromatography (hexane/ether 30:1). Ή NMR 
(400 MHz, CDCI3): δ 6.80 (dd. IH, J= 15.6. 5.7 Hz. СН=С-С=0). 6.02 (dd, IH, J= 15.6, 1.3 Hz. 
C=CH-C=0). 5.18-5.13 (m. IH, HC-CHj). 4.50-4.42 (m. IH. HC-OSi), 1.80-1.10 (m, 14H. 
remaining protons). 1.27 (d. 3H, J= 6.4 Hz, CHj). 0.89 (s, 9H, tBu), 0.04 and 0.00 (s, 3H, SiMej); IR 
(CCI4. cm 1 ) : 1715 (CO), 1655 (C=C); MS (СГ): m/e= 341 (M++l. 11%), 323 (-H20, 13%), 283 
(-C4H10. 100%), 265 (-C4H10 -H 20, 25%), 209 (-TBDMSOH, 13%), 191 (-TBDMSOH -H20.13%), 
163 (-TBDMSOH -H 20 -CO, 26%). 75 (SiMe2OH+, 71%). 
(2Z,4S,12Ä)-4-<tert-Butyldim€thylsiloxy)-2-tridecen-12-olide(18Zc). 
The procedure for the synthesis of 18£a was followed. Starting from 17Zc (82 mg, 0.23 mmol) gave 
18Zc (16.4 mg, 0.048 mmol) in 21% yield after chromatography (petroleum ether 60-80/elher 30:1). 
>H NMR (400 MHz, CDCI3): δ 5.86 (dd, IH, J= 12.0, 8.50 Hz, CH=C-C=0), 5.79 (dd, IH, J= 12.0. 
1.0 Hz. C=CH-C=0), 5.28-5.16 (m, 2H, HC-CH3, HC-OSi), 1.72-1.10 (m, 14H, remaining protons), 
1.23 (d, 3H. J= 6.3 Hz, CHj). 0.89 (s, 9H, iBu), 0.10 and 0.00 (s, 3H. SiMc^; IR (CCI4, cm 1 ) : 1715 
(CO). 1640 (C=C). 1250 (C-Si); MS (СГ): m/e= 341 (МЧ1. 51%), 3253 (CH 4 16%). 283 (-C4HI0. 
100%), 265 (-C4H,o -H 20. 23%). 209 (-TBDMSOH. 47%), 191 (-TBDMSOH -H20, 18%). 163 
(-TBDMSOH -H 20 -CO, 22%). 75 (SiMe2OH+. 45%). 
(2£,45,10/r)-4-Hydroxy2-undecen-10-olide(19£a). 
nBu4NF (0.18 mL, IM in THF) was added via a syringe to a solution of 18£a (55 mg, 0.18 mmol) in 
THF at -10°C under argon. After stirring for 3 h at -10°C the reaction mixture was quenched with 
satd. NH4C1 solution. The mixture was extracted three times with EtOAc. The combined organic 
layers were dried over MgS04 and concentrated in vacuo. The residue was purified by 
chromatography ( ether), giving 20 mg of pure 19£a (0.10 mmol, 56%) as a white solid which was 
recrystallized from hexane. m.p. 126-128 °C. [a]D 2 0= -3.25 (c 0.40, EtOH); ·Η NMR (400 MHz, 
CDCI3): δ 6.46 (dd, IH, J= 16.1, 8.9 Hz, СН=С-С=0), 6.34 (d, IH, J= 16.1 Hz, C=CH-C=0), 
4.65-4.54 (m, IH, HC-CH3), 4.45-4.35 (m, IH, HC-OH), 2.50 (bs, IH, OH). 2.00-1.35 (m, 10H, 
remaining protons), 1.34 (d, 3H. J= 6.4 Hz, CH3); !H NMR (400 MHz, CD3CN): δ 6.46 (d, IH, J= 
16.2 Hz, C=CH-C=0), 6.23 (dd. IH. J= 16.2. 9.2 Hz, CH=C-C=0). 4.59-4.53 (m, IH, HC-CH3), 
4.30-4.24 (m, IH, HC-OH), 3.17 (bs, IH, OH). 187-1.13 (m, 10H, remaining protons), 1.26 (d. 3H, 
J=6.1 Нг,СНз); 1 3 C NMR (100 MHz, CDC13): δ 168.87.145.70, 122.61,74.86,72.39,35.10.33.70, 
23.48, 23.13, 22.14, 21.24; IR (CC14, cm"1): 3590 (OH), 3700-3100 (OH), 1710 (CO), 1655 (C=C); 
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MS (CI+): m/e= 199 (M++l, 19%), 181 (-H20, 93%). 163 (-2H20, 60%), 153 (-H20 -CO, 51%). 135 
(-2H20 -CO, 100%), 121 (78%), HI (47%), 99 (41%), 95 (74%), 83 (67%), 55 (37%); exact mass 
caled, for C u Hi 6 0 2 (M -H20) 180.11503, found 180.11506; UV (CH3CN) Xm„ 193.9 nm fe= 8058 
mol'Orn"1*. 
(2Z,4S,10Ä)-4-Hydroxy-2-undecen-10-oIide(19Za). 
The procedure for the synthesis of 19Ea was followed. From 11 mg of 18Za (0.035 mmol), 5 mg of 
19Za (0.025, mmol, 71%) was obtained as a white solid after chromatography (ether): mp 93-95 °C. 
[a]D20= +23.6 (c 0.11, ЕЮН); J H NMR (400 MHz, CDC13): δ 5.91 (dd, IH, J= 12.0, 6.1 Hz, 
CH=C-C=0), 6.87 (d, IH, J= 12.0 Hz. C=CH-C=0), 5.05-4.98 (ra, IH, HC-CH3), 4.84-4.79 (m, IH, 
HC-OH), 2.17 (bs, IH, OH), 1.78-1.42 (m, 10H, remaining protons), 1.26 (d, 3H, J= 7.7 Hz, CHj); 
1 3C NMR (100 MHz, CDCI3): δ 166.82, 143.75, 122.05, 72.15, 67.90, 35.77, 33.84, 26.08, 23.24, 
22.44, 20.63; IR (CC14, cm 1 ) : 3610 (OH), 3600-3150 (OH), 1720 (CO); MS (СГ): m/e= 199 (M++l, 
6%), 181 (-H20, 22%), 163 (-2H20, 26%), 135 (-2H20 -CO, 23%), 101 (100%), 83 (48%), 55 
(35%); exact mass caled, for C
u
H i 6 0 2 (M -H20) 180.11503, found 180.11489; UV (CH3CN) ^ 
191.0 nm (e= 1529 mol 'cm 1 ), λ 216 nm (e= 716 mol"1 cm 1 ). 
(2E,4S,llÄ)-4-Hydroxy-2-dodecen-ll-olide(19Eb). 
The procedure for the preparation of 19£a was used. From 48 mg of 18£b (0.150 mmol), 22 mg of 
19ЕЬ (0.104 mmol, 69%) was obtained as a colorless oil after chromatography (hexane/ether 2:1). 
[a] D 2 0 = +6.6 (c 0.42, EtOH); lH NMR (90 MHz, CDCI3): δ 6.82 (dd, IH, J= 16.5, 6.3 Hz, 
CH=C-C=0), 6.07 (d, IH, J= 16.5 Hz, C=CH-C=0), 5.23-4.85 (m, IH, HC-CH3), 4.58-4.33 (m, IH, 
HC-OH), 2.03-0.93 (m, 12H, remaining protons), 1.32 (d, 3H, J= 6.6 Hz, CH3); 1 3C NMR (100 
MHz, CDC13): δ 168.10, 149.69, 121.49, 73.18, 70.89, 35.89, 32.84, 28.26, 27.83, 22.16, 20.74, 
19.34; IR (CC14, cm'1): 3610 (OH), 3650-3150 (OH), 1715 (CO), 1645 (C=C); MS (CI+): m/e= 213 
(M++l, 65%), 195 (-H20, 64%), 177 (-2H20, 23%), 149 (-2H20 -CO, 100%); exact mass caled, for 
C 1 2 H 2 0 O 3 212.1422, found 212.1413; UV (CH3CN) ^ 207.8 nm (e= 7380 т о Н с п г Ч 
(2Z,45,1 l/c)-4-Hydroxy-2-dodecen-l l-olide (19Zb). 
The procedure for the preparation of 19£a was followed. Deprotection was carried out starting from 
20 mg of 18Zb (0.095 mmol). This gave 13 mg of 19Zb (0.061 mmol, 64%) as a white solid after 
chromatography (hexane/ether 2:1). The product was chromatographed again (petroleum ether 
60-80,elher 2:1) and recrystallized from hexane giving 5 mg of colorless crystals: mp 75 °C. [a]D20= 
+71.7 ( с 0.42, EtOH). [H NMR (400 MHz, CDC13): δ 6.02 (dd, IH, J= 11.9, 8.5 Hz, CH=C-C=0), 
5.79 (dd, IH, J= 11.9, 1.2 Hz, C=CH-C=0), 5.12-5.00 (m, 2H, HC-CH3, HC-OH), 1.83 (bs, IH, 
OH). 1.68-1.25 (m, 12H, remaining protons), 1.28 (d, 3H, J= 6.5 Hz, CHj); 1 3C NMR (100 MHz, 
CDC13): δ 166.38, 146.80, 121.08, 72.18, 66.54, 34.02, 29.64, 24.66, 22.58, 22.37, 20.11, 17.36; IR 
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(CCI4, c m 1 ) : 3615 (OH), 3600-3300 (OH), 1710 (CO); MS (СГ): ra/e= 213 (M++l. 7%), 195 (-H20, 
36%), 177 (-2H20, 23%), 149 (-2H20 -CO, 35%); exact mass caled, for C 1 2 H 2 0 O 3 212.14124, found 
212.14129; UV (CH3CN) λ , ^ 201.0 nm (€= 8967 mol'cnï1 ' . 
(2E,4S,12ff)-4-Hydroxy-2-tridecen-12-olide(19£c). 
The procedure described for 19£a was followed. From 21 mg of 18£c (0.062 mmol) , 9.3 mg of 
19Ec (0.041 mmol, 66%) was obtained as a white solid after chromatography (petroleum ether 
60-80/ether 2:1); mp 49-51°C. [a]D20= +1.33 (c 0.40, EtOH); lU NMR (400 MHz, CDCI3): δ 6.89 
(dd, IH, J= 15.8, 6.9 Hz, CH=C-C=0), 6.02 (dd, IH, J= 15.8, 1.0 Hz. C=CH-C=0), 5.17-5.05 (m, 
IH, HC-CH3), 4.53-4.44 (m, IH, HC-OH), 1.90-1.07 (m, 15H, remaining protons), 1.27 (d, 3H, J= 
6.4 Hz, CHj); 1 3C NMR (100 MHz, CDCI3): δ 166.93, 149.38, 121.46, 72.26, 70.81, 34.77, 34.50, 
28.44, 28.20, 26.43, 23.25, 20.40, 20.22; IR (CCI4, cm 1 ): 3610 (OH), 3650-3100 (OH), 1715 (CO), 
1650 (C=C); MS (СГ): m/e= 227 (M++l, 66%), 209 (-H20, 55%), 191 (-2H20, 19%), 163 (-2H20 
-CO, 100%), 149 (23), 111 (35), 84 (46), 69 (44), 55 (52); exact mass caled, for C 1 3 H 2 2 0 2 
226.15689, found 226,15699; UV (CH3CN) λ ^ <190 nm, λ 205.7 nm (i= 10440 т о Н с п г Ч λ 270 
nm (e= 595 mol"1 cm'1). 
(2Z,4S,12tf)-4-Hydroxy-2-tridecen-12-olide(19Zc). 
The conditions used for 19£a failed to convert l&Zc, the following procedure was used. 18Zc (16 
mg, 0.047 mmol) was dissolved in HOAc/THF/H20 3:1:1 (1 mL). After stirring overnight the 
reaction mixture was extracted three times with ether. The combined organic layers were washed 
with satd. NaHC03, dried over MgS0 4 and concentrated in vacuo. The residue was purified by 
chromatography (petroleum ether 60-80/ether 1:1) giving 19Zc (5.3 mg, 0.023 mmol, 49%) as a 
white solid: mp 44-47 °C. [a] D 2 0 = +45.7 (c 0.27, EtOH); Ή NMR (400 MHz, CDC13): δ 5.90 (dd, 
IH, J= 11.4, 8.4 Hz, СН=С-С=0), 5.88 (d, IH, J= 11.4 Hz, С=СН-С=0). 5.26-5.13 (m, 2H, 
HC-CH3, HC-OH), 1.96 (bs, IH, OH), 1.77-1.12 (m, 14H, remaining protons), 1.24 (d, 3H, J= 6.3 
Hz, CHj); 1 3C NMR (100 MHz, CDC13): δ 166.78, 146.21,121.93,71.80, 66.85, 35.18, 34.86, 27.08, 
26.67, 25.86, 24.22, 23.63, 20.90; IR (CC14, cm 1): 3610 (OH), 3650-3100 (OH), 1715 (CO), 1640 
(C=C); MS (СГ): m/e= 227 (M++l, 5%), 209 (-H20, 25%), 191 (-2H20, 22%), 163 (-2H20 -CO, 
31%), 149 101 (100%); exact mass caled, for C 1 3 H 2 2 0 2 226.1569, found 226.1574; UV (CH3CN) 
Хщи <190 nm, λ 216.0 nm (e= 4318 mol^cm^, λ 280 nm (e= 284 mol 1 cm 1 ). 
Ethyl (2£,4S)-4-hydroxy-2-nonenoate (20)2. 
lH NMR (90 MHz, CDC13): δ 6.93 (dd, IH, J= 16.0, 5.0Hz HC=C-C=0), 6.02 (dd, J= 16.0, 1.5 Hz, 
C=CH-C=0), 4.43-4.13 (m, 3H, HC-OH, CH^CHj), 2.00-0.73 (m, 15H, remaining protons); UV 
(CH3CN) λ ^ 207.6 nm («= 8756 moHcm1). 
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3.6 Appendix 
Searching populated conformational space of patulolide С and its non-natural analogs 
From the Ή NMR patterns, the extent of non-planarity of the alkene ester moieties of the 
α,β-unsaturated lactones can be deduced, as described in Chapter 3. In an attempt to support these 
findings, conformational analyses of compounds 19£a - l9Ec and 19Za - 19Zc (formulae see Table 
4) were carried out. The recently developed hybrid stochastic conformational searching technique, as 
implemented in the programs MODEL/BAKMDL1·2, was applied to optimized but initially sketched 
models. The elegance of this technique is concealed in the generation of conformers by 
stochastically altering both the internal and external coordinates of the molecule under study, using 
chemical principles. After applying an energy minimizer based on molecular mechanics, only the 
populated conformations of the molecule are found. 
For each of the α,β-unsaturaied lactones, all bonds constituting the ring system and the 
exocyclïc C-OH bond were selected for stochastic alteration, as depicted schematically in Figure 2. 
'«> Π 180 360 30 
О 
30,120,180, 360 default resolution of rotation 
* torsion angle may adopt any value 
Figure 2. Example: schematic drawing of (E)-a.,$-unsaturated lactone (19Eb) showing 
selected bonds for stochastic alteration, and closure bond. 
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Each bond is automatically analyzed by MODEL to determine the preferred increment of 
rotation. For example, the resolution of rotation around the C=C-C(-OH)-C is defaulted to 30 
degrees (Figure 2), whereas the resolution of rotation around any C(sp3)-C(sp3) bond is as default 
120 degrees. 
Using program defaults for closure distances, closure angles, bad 1-5 van der Waals 
interactions, minimum contact distances, duplications and convergence criteria, the data summarized 




n=2 (E)-norpatulolide С 19Ea n=2 (z)-norisopatulolide С 19za 
n=3 (£)-patuk>licte С 19£b n=3 (Z)-isopatulolide С 19zb 
n=4 (£)-homopatulolide С 19£C n=4 (z)-homoisopatulolide С 19zc 
Compound Generated conformers Resulting conformers* 
19Ea 1247 6 
19£b 523 23 
19£c 1783 46 
19Za 442 9 
19Zb 685 18 
19Zc 2011 16 
( *) Resulting number of conformers in the 0 3 kcal/mol range after energy 
minimization using BAKMDL (MM2 force field) and Sybyl (Tnpos force field) 
Table 4. Characteristics of MODEUBAKMDL conformational search procedures. 
The potential energy of the conformers was minimized using BAKMDL and Sybyl3. After 
selection of the conformers in the 0-3 kcal/mol range from the global minimum energies, the 
Boltzmann distributions at 300 K, as depicted in Figure 3, were obtained. Using the relative 
populations of the resulting conformations, weighted averages of the deviations from planarity of the 
alkene ester moieties can be calculated (Table 5), illustrating the loss of conjugation in the alkene 
esters. Figure 4 shows the minimum energy conformations of compounds 19£a - 19Zc with their 
respective abundancies. 
Chapter 3 55 
M 














о-™ 1 2 3 4 6 6 1 2 3 4 6 6 7 6 9 1 2 3 4 6 6 7 6 0 
19£a 19Eb 19Ec 
Resulting conformations 

















1 2 3 4 6 6 1 2 3 4 6 6 7 6 0 1 2 3 4 6 6 7 6 0 
19Za 19Zb 19Zc 
Resulting conformations 
Figure 3 Boltzmann popuhtions of resulting conformations at 300 К. 
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Compound Weighted average deviation from planarity 
of the alkene ester moiety* in macrolides 19 
19£a 52 (3) 
19Eb 21 (2) 
19£c 12 (1) 
19Za 20 (4) 
19Zb 22 (3) 
19Zc 31 (2) 
standard deviations in parentheses 
Table 5 
The conformational behavior of the £ series deduced from these calculations conforms 
remarkably well with the experimental conformational data obtained from the analysis of the Ή 
NMR spectra given in Tabic 2 (Chapter 3). On the basis of NMR analysis (£)-norpatulolidc С 19£a, 
is the most strained lactone of this series. The average deviations from planarity of the alkene ester 
moieties of the Ζ series arc in contrast to the results obtained from NMR analysis. It should be noted, 
however, that analysis using the conformational search procedure shows a number of conformers just 
outside the 0-3 kcal/mol range from the global minimum energy conformation, which are 
significantly distorted. 
Comparison of the crystal structure of (£)-norpatulolide С 19£a5 with the results of the 
conformational search procedure for this macrolide reveals that three conformations are almost 
identical to the crystallographically determined conformation (r.m.s. deviations of all ring atoms: 
0.11 À)(Figure 5a). Evidently, the populated conformations of 19£a can be divided into two 
categories. The conformations resembling the 'crystallographic conformation' constitute 42% of the 
total Boltzmann population. 
Comparing the crystal structure of (£)-patulolide С 19£b6 with the conformations obtained 
by the search procedure, the most dominant conformation found (44.5%) is almost identical to the 
'crystallographic conformation' (r.m.s. deviation of all ring atoms: 0.12 Â)(Figure 5b). 
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(E)-norpatulolidc С 19Ea (34%) (Z)-norisopatulolide С 19Za (34%) 
(E)-patulolide С 19Eb (44%) (Z)-isopatulolide С 19Zb (27%) 
(EJ-homopatulolide С 19£c (20%) (Z)-homoisopatulolide С 19Zc (24%) 
Figure 4 PLUTON4 illustrations of the minimum energy conformations of 19£a, 
19Eb, l9Ec, 19Za, 19Zb, 19Zc (highest abundancy at 300K in parentheses, 
see Figure 3). 
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Figure 5a. Conformational search results (6 conformations) compared with the crystal 
structure (top structure) ofl9Ea. 
Figure 5b. Conformational search results (1 conformation) compared with the crystal 
structure (top structure) of 19£b. 
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Concluding remarks 
The results described above allow the conclusion that the MODEL/BAKMDL procedure for 
calculating the most populated conformers of macrolides gives a reliable impression of the 
conformational behavior of these macrolides. This can be of value for the interpretation of NMR 
spectra in different solvents. 
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SYNTHESIS OF A 10-MEMBERED ANALOG OF PATULOLIDE С 
4.1 Introduction 
In Chapter 3, the total synthesis of patulolide С and its iso, nor and homo analogs was 
described. X-ray diffraction analyses of the 11- and 12-membered rings of the E series of these 
macrocyclic lactones showed that these compounds exhibit a considerable difference in spatial 
arrangement; the different torsion angles between the carbonyl and olefinic bonds are particularly 
noteworthy. These angles indicate, that in both compounds, ring strain forces an out-of-plane twist of 
the enone moiety, which is especially noticeable in the 11-membered ring lactone of the E series. 
This conformational behavior of these macrolides was also deduced from their NMR and UV 
spectra. 
It may be expected that, in the 10-membered E analog, the amount of ringstrain will be even 
larger and, therefore, it is of interest to establish its preferred conformation(s). This chapter deals 
with the synthesis of a 10-membered analog of patulolide C, (structure A in Scheme 1), and some of 
its conformational features. 
OProt 
+ 2-carbon synthon / Л + = — CH2CH2OTHP 
1 2 
Scheme 1 
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In principle, the same synthetic strategy used for the total syntheses of the patulolides as 
described in the previous chapter (Scheme 1) can be considered for this 10-membered macrolide. An 
important intermediate in this synthetic scheme is (/t)-6-hydroxy-hepl-3-yn-l-ol E. When the 
synthesis of this compound can be accomplished, the remaining part of the sequence will be similar 
to that of the patulolides described in Chapter 3. It will be demonstrated, however, that this strategy 
fails for the synthesis of the 10-membered ring. For this reason, a separate chapter is devoted to the 
synthesis of this 10-membered macrocyclic lactone A. 
4.2 Results and discussion. 
In analogy with the total syntheses of the patulolides as described in the preceding chapter, 
(ÄH+^methyloxirane1 1 was brought into reaction2 with THP-protected 3-butyn-l-ol 23 (Scheme 
1). Unfortunately, no coupling product (a 1,6-diol protected as THP-ether at C-l) could be detected. 
A possible explanation for the failure of this coupling reaction is depicted in Scheme 2. Probably, 
under the strong basic conditions applied for the coupling reaction, elirainative cleavage of 




% — ^ · V 
Scheme 2 
In the case of the longer α,ω-alkynols used in Chapter 3, such an elimination reaction is not possible 
because of the lack of propargylic activation of the hydrogen atoms at C-2. 
Another approach to obtain a synthetic intermediate that fits in the sequence shown in 
Scheme 1 is a reaction* of (/?)-(+)-methyloxirane with a Grignard reagent derived from suitably 
protected 4-bromo-butan-l-ol5. All attempts failed to obtain heptane-1,6-diol protected as a 
THP-ether at C-l in this manner. 
An alternative method for the preparation of the required heptane-1,6-diol derivative is based 
on ethyl 3-hydroxybutanoate 4 as synthon. This compound was also used in the total syntheses of 
pyrenophorol' and (/t,&/?)-colletallol7, where it was made from poly-3(Ä)-hydroxybutyric acid 3 as 
chiral starting material. Chiron 4 can be applied in the synthesis of mono protected diols 9 and 10 
with the desired configuration at C-6, as outlined in Scheme 3. 
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Reaction conditions Yield (%) 
a. H2S04, ethanol 
b. ethylvinyl ether, CF3COOH 
с LiAIH4, ether 
d. p-TsCI, pyridine 
e. Nal, acetone 
f. HCsC-CH2OH,LiNH2/NH3 
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aldehyde 11 
Scheme 3 
PoIy-3(JÎ)-hydroxybuiyric acid 3 was depolymerized in 1,2-dichloroethane/ethanol, giving 
ester 4 in 83% yield. It should be noted that this chiron 4 can also be obtained in three steps starting 
from L-threonine in an overall yield of 56%8. This is an excellent alternative if poly-3(Ä)-hydroxy-
butyric acid is not commercially available. 
The ß-hydroxy function of 4 was protected as its ethoxyelhyl ether. Subsequent reduction to 
alcohol 6, conversion into the corresponding iodide 8, followed by a three-carbon elongation with 
propargyl alcohol, produced alkynol 9 in quite acceptable yields. The seemingly simple reduction of 
this protected alkynol 9 by catalytic hydrogénation gave, however, in addition to the expected 
protected heptane- 1,6-diol 10, aldehyde 11 as a by-product in ca. 16% yield. The explanation for the 
formation of this by-product 11 is depicted in Scheme 4. It is suggested that the initially formed 
allylic alcohol, by catalytic hydrogénation of the triple bond by one molar equivalent of hydrogen, 
undergoes double bond migration, either to a homoallylic alcohol or to an enol. If the latter is the 
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case, tautomerization to ал aldehyde will take place. These double-bond migrations are supported by 
literature reports9 in which it is stated that, on the palladium surface, double bond migration and 
cis/trans isomerization tend to be faster than olefin hydrogénation. Allylic migrations leading to 
saturated carbonyl compounds are also well documented10. It should be mentioned, however, that no 
examples of direct hydrogénation of propargylic alcohols to saturated carbonyl compounds have 
been reported. 
\ H2.Pd(C) 
= — \ >• 
OH 
migration 
r H 2 , Pd(C) 1 




Since aldehyde 11 is needed for the next step in the sequence to epoxy diazomethyl ketone 19, 
attempts were made to devise conditions of hydrogénation leading to a predominant direct 
hydrogénation of alkynol 9 to aldehyde 11. However, the results were disappointing. With Lindlar 
catalyst11, an aldehyde/alcohol ratio of 1:5 was obtained; with Pd on BaS04/pyridine12, this ratio 
was 1:6. No further experiments to improve the aldehyde/alcohol ratio were undertaken. 
The mixture of alcohol 10 and aldehyde 11 could be separated by column chromatography, 
giving both compounds as pure products. Aldehyde 11 was inserted in the sequence shown in 
Scheme 5, namely in the chain-elongation step, using a Wittig-Homer13 reaction. Alcohol 10 was 
oxidized to aldehyde 11 in high yield, using the Swem oxidation14. This was followed by a 
Wittig-Homer reaction13 with diethyl phosphonoacetate, to give alkene ester 12 in 80% yield. 
Reduction of alkene ester 12 with OibalH gave allyl alcohol 13, which was subjected to a Sharpless 
epoxidation reaction using L(+)-DET as chiral inductor. In this reaction, the order of addition of the 
reagents was crucial. Using standard Sharpless conditions13, namely addition of ferf-bulyl 
hydroperoxide (TBHP) before the allyl alcohol is added, resulted in the loss of the ethoxyethyl ether 
protecting group. However, when the allyl alcohol was added to the mixture of L(+)-DET/ Ti(0/Pr)4 
prior to TBHP16, the reaction proceeded smoothly and gave 5,5-epoxy alcohol 14 in 60% yield, after 
chromatography. The next step is the conversion of epoxy alcohol 14 into the corresponding epoxy 
diazomethyl ketone. 
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OAc OAc N2 
18 19 
h. 
Reaction Conditions Yield (%) 
a. (COCI)2. DMSO, NEt3, CH2CI2 
b. triethyl phosphonoacetate, LiCI, N(i-Pr)2Et, CH3CN 
с DibalH, ether 
d. L(+)-DET, t-BuOOH, Ti(Oi-Pr)4, md sieves, CH2CI2 
e. ;-BuPh2SiCI, imidazole, DM F 
f. PPTS, EtOH 
g. Ac20, pyridine 
h. nBu4NF,THF 
i. Ru04 
j. i-BuOCOCI, NEt3, THF 










Yield after step i,j, к 
Scheme 5 
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Because of the sensitivity of the ethoxyethyl ether protecting function towards the oxidizing 
conditions of RuClj/NaI04'7, a two-step oxidation procedute was considered, involving a Swem 
oxidation of the epoxy alcohol to the epoxy aldehyde and subsequent oxidation to the epoxy acid 
using NaC102
18
. Unexpectedly, the Swem oxidation of epoxy alcohol 14 failed and gave an 
intractable mixture of products. The protecting group at C-8 was suspected to be responsible for this 
problem. For this reason it was necessary to replace the ethoxyethyl ether by a more stable protecting 
group. The acetate function was chosen for this purpose. This function had already been used in the 
syntheses of palulolide С and its analogs, and then gave satisfactory results. The change of the 
protecting function at C-8 was carried out as follows: Epoxy alcohol 14 was treated with 
rerf-butyldiphenylsilyl chloride" to give silyl ether 15. Removal of the ethoxyethyl ether with 
pyridinium p-toluene sulfonate (PPTS) in ethanol and subsequent protection of the secondary alcohol 
function with acetic anhydride gave acetate 17 in 88% yield. Finally, the silyl ether was removed 
using tetra-n-butylammonium fluoride (nBu4NF) to give the acetate protected alcohol 18 in nearly 
quantitative yield, after chromatography. 
In analogy with the total syntheses of patulolidc С and its analogs, epoxy alcohol 18 was 
oxidized using RuClj/NaI0417, to give the corresponding epoxy acid. Conversion of this acid into 
the mixed anhydride with /'-butyl chloroformate and subsequent treatment with excess diazomcthanc 
gave epoxy diazomelhyl ketone 19 in 77% yield, after chromatography. 
Irradiation of key intermediate 19 at 300 nm in ethanol resulted in y-hydroxy-cß-unsalurated 
ester 20, which was immediately protected as its silyl ether 21 by treatment with two equivalents of 
fBuMe2SiCl and imidazole in DMF (Scheme 6). Unfortunately, this silylation reaction was very 
slow and, after purification, (£)-unsaturatcd ester 21 could only be isolated in low yield (15%). 
Saponification of ester 21 with LiOH gave hydroxy acid 22 in excellent yield. Ring closure was 
performed with the Yamaguchi procedure20, using 2,4,6-trichlorobenzoyl chloride. Macrolide 23 
containing the silyl protecting group was isolated in 39%, after chromatography. Surprisingly, the Ή 
NMR spectrum indicated that the double bond had cis geometry. The J-coupling between both 
vinylic protons is 11.4 Hz, which is in full agreement with a cù-substiluted double bond21. 
Apparently, under Yamaguchi's ring closure conditions with DMAP, a trans to cis isomerization has 
taken place. This observation leads to the conclusion that the cu-macrolide 23 is more stable than its 
rranj-substituted isomer. Synthesis of (£> and (Z)-a,ß-unsaturated ten-membered lactones lacking 
the γ-hydroxy substituent has been reported22. In this case, the trans macrolide was isomerized to its 
cis isomer under the influence of iodine. The spectral data of these compounds also suggest that 
considerably more ring strain is present in the E lactone compared to its Ζ isomer. MM2 
calculations22 of these deshydroxy compounds confirm that the most favored conformation of the cis 
isomer is 5 Kcal/mol more stable than the most stable conformer of the trans isomer. 
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a. hv (300 nm), EtOH 
b. t-BuMe2SiCI, imidazole, DMF 
с LiOH,THF-H201:1 
d. CI3C6H2C(0)CI, NEt3. THF; DMAP, toluene 









Isomerization of an unsaturated ester was also encountered during the synthesis of (Z)-isopatulolide 
С (Chapter 3) although, in this case, partial Ζ to £ isomerization was observed. Other examples have 
also been reported23·24. 
Two explanations can be suggested for this geometrical isomerization. The first involves a 
Michael-type addition of 4-(dimelhylamino)pyridine (DMAP) to the unsaturated ester system, 
followed by elimination of the amine to give the more stable geometrical isomer23. In this case, the 
chiral center at the γ-carbon atom is not involved in the isomerization reaction. The other 
explanation is that, under the influence of DMAP, enolization takes place24, which will be 
accompanied by epimerization of the chiral center at C-4. After ring closure to macrolide 23, no 
epimcrs could be detected in the crude reaction mixture. If present, such epimers should have been 
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detected ала separated24. Because of the absence of C-4 epimers of 23, the first explanation seems 
more reasonable. Isomcrization of the olefinic bond can take place either prior to or after the 
macrolactonization reaction. In view of the higher ring strain in the £ macrolide, it seems likely that 
lactonization of the hydroxy E-alkenoic acid is considerably more difficult than closure of the Ζ 
lactone precursor. Therefore, it is suggested that isomerization takes place before ring closure. An 
equilibrium between the E and Ζ precursor is also feasible. In that case, ring closure of the Z-enoic 
acid is kinetically preferred. An alternative explanation of the Ζ macrolide from the E precursor 
involves cyclization via the DMAP adduct of the alkenoic acid with reformation of the alkene bond 
after macrolactonization. 
An intriguing question is how £ to Ζ isomerization in the macrolactonization process can be 
avoided. One possibility could be stronger activation of the seco-acid by using a high concentration 
of DMAP, similar to the recent suggestion of Yonemitsu et al?5 for the cyclization to erythronolide 
A (2 equivalents of DMAP added to the mixed anhydride of a seco-acid and 2,4,6-trichlorobenzoic 
acid in 10 mM xylene solution at room temperature, no high dilution technique). An alternative 
would be effective protection of the alkene bond, e.g., by a Diels-Alder adduci with cyclopentadiene 
with restoration of the double bond after cyclization by a retro-Diels-Alder using the Rash Vacuum 
Thermolysis (FVT) technique26. 
To determine whether the desired £ macrolide could be obtained by the method of 
Yonemitsu et alP as discussed above, some additional ring closure experiments were carried out. 
For these experiments, it was not necessary to use optically active hydroxyacid 22. Application of 
the non-stereoselective variant of the SP AC reaction27 (section 1.2, Scheme 5) allowed a more 
efficient route to the racemate of this hydroxy acid (Scheme 7). 
Iodide 8 (of Scheme 3), was coupled with but-3-yn-l-ol in a yield of 71%. The resulting 
alkyne 24 was hydrogenated using Pd/C as a catalyst This gave a mixture of alcohol 25 (64%) and 
aldehyde 26 (14%). A similar result has been obtained before (Scheme 4). After separation by 
column chromatography, alcohol 25 was oxidized to aldehyde 26 in quantitative yield using the 
Swern oxidation. This aldehyde was used in the SPAC reaction with methyl p-chlorophenyl-
sulfinylacetate27, giving Y-hydroxy-a,ß-unsaturated ester 27 in 67% yield. The secondary alcohol 
function was protected with fert-butyldimethylsilyl chloride to give silylether 28 in 82% yield. 
Finally, the ester group was saponified with LiOH, followed by removal of the ethoxyethyl function 
with MgBr2. This gave the desired hydroxyacid 30. 
Application of the macrolactonization conditions that were described by Yonemitsu25 did not 
give the desired E macrolide. According to mass spectroscopy and 'H NMR analysis, the 
corresponding E-diolide was obtained. Apparently, this non-high-dilution technique does not allow 
formation of the E macrolide. No further experiments to obtain this compound were undertaken. 
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a HC*C-CH2CH2OH. Li/NH3 
Ь Hj/Pd/C, ethyl acetate 
с oxalyl chlonde, DMSO, Et3N, CHjCIj 
d pCIPh(SO)CH2C02Me. prendine, CH3CN 
e rBuMe2SiCI, imidazole, DM F 
f LiOH, THF 
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As expected, repetition of the macrolactonization reaction using Yamaguchi's21 ring closure 
conditions gave the Ζ macrolide 31. 
The last step, involving the removal of the silyl protecting group from macrolide 23 (Scheme 
6), was performed in the usual manner with nBu4NF in THF at 0 °C. However, this reaction failed. 
In the crude reaction mixture, the desired product could not be detected. During the total synthesis of 
homoisopalulolide С (Chapter 3), removal of a similar silyl protecting function also failed under the 
same conditions. In that case, the use of acetic acid/THF/H20 to remove the silyl protecting function 
gave better results. In this case, removal of the silyl protecting function from macrolide 31 was 
achieved using acetic acid as the deprotecting agent. However, this also did not give the free 
macrolide. After work-up and purification, butenolide 32 was obtained, instead of the unprotected 




Although the deprotected macrolide could not be obtained, some conformational features of 
macrolide 23, containing the silylatcd hydroxyl function, can be deduced from its spectra, by 
comparison with isopatulolide С and its m-substituted analogs. On the basis of the difference in 
chemical shift of the olefinic protons in the Ή NMR spectrum, macrolide 23 seems to be less 
strained than its 11- and 13-membered analogs. The difference in chemical shift of 0.28 ppm for 23 
is in the same range, viz. 0.23 ppm, as that observed for the 12-membered ring lactone, 
(Z)-isopatulolide С (Chapter 3). 
Solvent effects on the Ή NMR and UV spectra of macrolide 23 were also measured. In 
D3-acetonitrile the chemical shift difference between the olefinic protons is 0.17 ppin. The UV 
spectrum of 23 in hexane showed a maximum absorption at 194.5 nm (e
m s x
= 4894); in acetonitrile 
the maximum was observed at 192.7 nm («„,„= 4160). The solvent effects of 23 are less pronounced 
than those mentioned for norpatulolide С in Chapter 3. 
It will be of interest to search further for a reliable method for the preparation of the E 
10-membered macrocycle and to study its preferred conformation(s). 
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4.3 Experimental Section 
General Procedures. 
Ή NMR spectra were recorded on a Broker WH 90 (90 MHz. FT), a Broker AM 100 (100 MHz. 
FT) or a Braker AM 400 (400 MHz, FT) spectrometer using TMS, chloroform or dichloromethane as 
internal standard. IR spectra were recorded on a Perkin-Elmer 298 spectrophotometer and UV 
spectra on a Perkin-Elmer Lambda 5 UV/VIS spectrophotometer. For mass spectroscopy a double 
focussing VG 7070 E was used. For the chemical ionization (CI) technique, methane was used as 
reacting gas. GC was performed on a Hewlett-Packard 5790A or 5890 instrument equipped with a 
capillary HP cross-linked silicone (25 m χ 0.31 mm) column, connected to a HP 3390 or HP 5890 
calculating integrator. Optical rotations were measured on a Perkin-Elmer 241 Polarimeter. Melting 
points were determined on a Reichert Thermopan microscope and are uncorrected. Column 
chromatography was performed with silica gel 60H (Merck). A pressure of 1.5-2.0 bar was used to 
obtain the necessary flow rate. 
Dry solvents were obtained as follows: Petroleum ether 60-80 was distilled from sodium hydride. 
Dichloromethane was distilled from phosphorous pentoxide. Diethyl ether was pre-dried on calcium 
chloride and then distilled from calcium hydride. Tetrahydrofuran was distilled from lithium 
aluminum hydride. Pyridine, triethylamine, diisopropylethylamine were distilled from potassium 
hydroxide. Dimethyl sulfoxide was distilled from calcium hydride. Toluene was distilled from 
sodium. All other solvents were of either P.A. or "reinst" quality. n-BuLi and DibalH were used as 
stock solutions of 1.6 and 1.0M in hexane, respectively. 
Ethyl (/r)-3-hydroxy-bulanoate (4) 
A solution of poly-3(R)-hydroxy-butyric acid (50.56 g, 0.59 mol) in dichloroethane (360 mL) was 
treated with a mixture of cone. H 2 S0 4 (12 mL) and ethanol (360 mL). After heating under reflux for 
48 h, the reaction mixture was allowed to cool to room temperature and 200 mL of satd. aqueous 
NaCl was added. The layers were separated and the aqueous layer was extracted three times with 
ether. The combined organic layers were washed with satd. aqueous NaHC0 3 and satd. aqueous 
NaCl, dried (MgS04) and concentrated in vacuo. The residue was purified by distillation (18 mm 
Hg, 79°C), giving 64.17 g (0.49 mol, 83%) of 4. Ή NMR (90 MHz, CDC13): 4.35-3.93 (m, 3H, 
OCH2, HC-CHj). 3.18 (s, IH. OH). 2.40 (d, 2H, J= 6.3 Hz, 0 ^ 0 = 0 ) , 1.40-1.10 (m, 6H, 2 CHj): IR 
(CC14, cm 1 ) : 3600-3050 (OH), 1715 (C=0); [a]D 2 0= -46 (c 1, CHC13). 
Ethyl (Jr)-3-(r-eUioxy-ethoxy)butanoate (5) 
Trifluoroacetic acid (0.7 mL) was added at -20°C to a solution of 4 (64.17 g. 0.49 mol) in ethyl vinyl 
ether (120 mL). After stirring at 0°C for 3 h, the reaction mixture was again cooled to -20°C and 
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triethylamine (2.5 mL) was added. Excess ethyl vinyl ether was removed by evaporation and the 
residue was dissolved in hexane/ether 4:1. The solution was washed with water, dried (MgS04) and 
concentrated in vacuo, giving 5 (93.91 g, 0.46 mol, 94%). 'H NMR (90 MHz, CDC13): δ 4.67 (q, IH, 
J= 5.5 Hz, O-CH-O), 4.30-3.83 (m, IH, HC-CH3), 4.07 (q, 2H, J= 7.3 Hz, COOCHj), 3.73-3.23 (m, 
2H, OCHj), 2.73-2.07 (m, 2H, 0 ^ 0 = 0 ) , 1.30-1.00 (m, 12H, 4 CHj); IR (CC14, cm"1): 1735 (C=0); 
[ a b ^ - e . S i c l . l . C H C l j ) . 
(Ä)-3-(l'-Ethoxy-ethoxy)butan-l-ol (6) 
Ester 5 (50.68 g, 0.25 mol) in ether (150 mL) was carefully added to a suspension of LiAlH4 (7.7 g, 
0.20 mol) in ether (400 mL) under argon, in such a manner that a gently refluxing solution was 
obtained. The reaction was monitored by GC-analysis. After stirring for 0.5 h, the reaction mixture 
was cooled to 0°C and water (9 mL), 15% aqueous KOH (9 mL) and water (18 mL) were carefully 
added. Stirring was continued overnight and MgS04 was added. The precipitate was filtered off, 
washed well with hot ether and the filtrate was concentrated in vacuo. Product 6 (40.45 g, 0.25 mol, 
100%) was obtained as a colorless oil, which was sufficiently pure for further use. Ή NMR (100 
MHz, CDC13): δ 4.81-4.60 (m, IH, O-CH-O), 4.07-3.35 (m, 5H, OCH2, CHjOH, HC-CH3), 2.45 (bs, 
IH, OH). 182-1.62 (m, 2H, CH2CH2OH), 1.35-1.06 (m, 6H, 3 CHj); IR (CC14, cm1): 3620 (OH), 
3540-3200 (OH). 
(/?)-l-Tosyloxy-3-(l'-ethoxy-ethoxy)butane(7) 
Pyridine (41 mL, 0.50 mol), p-toluenesulfonyl chloride (50.66 g, 0.26 mol) and a catalytic amount of 
4-dimethylamino pyridine were added to a solution of alcohol 6 (40.31 g, 0.25 mol) in chloroform 
(170 mL). After stirring overnight at 0°C the reaction was complete and 300 mL of ether and 200 mL 
of water were added. The layers were separated and the aqueous layer was extracted three times with 
ether. The combined organic layers were washed with water, satd. aqueous CuS04 (4 times), dried 
(MgS04) and concentrated in vacuo, to give 7 in quantitative yield. This material was sufficiently 
pure for further use. Ή NMR (100 MHz, CDC13): δ 7.79 (d, 2H, J= 8.3 Hz, arom), 7.35 (d, 2H, J= 
8.3 Hz, arom), 4.77-4.47 (m, IH, O-CH-O), 4.21-3.25 (m, 5H, 2 OCHj, HC-CH3), 2.45 (s, 3H, 
Ar-CHj), 1.90-1.60 (m, 2H, CH^CHjO), 1.40-1.00 (m, 9H, 3 CHj); IR (CC14, cm1): 1175, 1370 
(SOj); [a]D 2 0= -15.8 (c 1.2, CHC13). 
(Ä)-3-(l'-Ethoxy-ethoxy)-l-iodo-butane(8) 
Copper curlings and Nal (50.0 g, 0.33 mol) were added to a solution of 7 (53.9 g, 0.17 mol) in 
acetone (450 mL). After stirring overnight in the dark, the precipitate was filtered off and washed 
well with ether. The filtrate was concentrated in vacuo and the residue was dissolved in ether and 
water. The layers were separated and the aqueous layer was extracted three times with ether. The 
combined organic layers were washed with satd. aqueous Na2S203, water, satd. aqueous NaCl, dried 
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(MgS04) and concentrated in vacuo, giving a yellowish oil. After chromatography (petroleum 
ether/ethyl acetate 3:1), 8 (23.0 g, 0.09 mol, 53%) was obtained as a colorless oil. lH NMR (100 
MHz, CDCI3): δ 4.84^.66 (m, IH, О-СН-О), 3.92-3.17 (га, 5Н, CH2I, C H p , НС-СН3), 2.12-1.85 
(m, 2Н, СН2СН2І), 1.42-1.17 (m, 9Н, 3 СН,). 
(R)-6-(l'-EthoxY-ethoxy)hept-2-yn-l-ol(9) 
A solution of propargylic alcohol (7.6 mL, 0.13 mol) in ether (8 mL) was gradually added to a 
suspension of LiNH2 (0.27 mol) in liquid ammonia (350 mL) under argon. After stirring for 0.5 h at 
-4ÇPC a solution of 8 (23.0 g, 0.085 mol) in ether (30 mL) was added in 1 h. Finally, after 0.5 h, 
dimethyl sulfoxide (25 mL) was added and stirring was continued overnight. Water and ether were 
added and the layers were separated. The aqueous layer was extracted three times with ether. The 
combined organic layers were washed with water, dried (MgS04) and concentrated in vacuo. 
Chromatography (petroleum ether 60-80/ethyl acetate) gave 9 (6.88 g, 0.034 mol, 41 %) as a 
yellowish oil. Ή NMR (100 MHz, CDCI3): δ 4.90-4.62 (m, IH, О-СН-О), 4.23 (bs, 2H, СНгОН), 
4.05-3.30 (m, ЗН, CHjO, НС-СН3), 2.80-2.50 (m, IH, OH), 2.50-2.15 (m, 2H, CH 2-CsQ, 1.90-1.50 
(m, 2H, СЩСНгС^С), 1.45-1.05 (m, 9Н, 3 СН,); IR (СС14, cm"1): 3620, 3600-3200 (ОН). 
(A)-6-(l'-Ethoxy-ethoxy)heptan-l-ol (10) 
Alkynol 9 (8.15 g, 40.8 mmol) was dissolved in ethyl acetate (200 mL). This solution was 
hydrogenated for 3 h with a small amount of triethylamine and ca 200 mg of Pd/C (10%) as a 
catalyst. The catalyst was removed by filtration and the filtrate was concentrated in vacuo. The 
residue was purified by chromatography (petroleum ether/elhyl acetate 3:1) yielding pure alcohol 10 
(4.84 g, 23.7 mmol, 58 %) and pure 11 (1.28 g, 6.34 mmol, 16 %). Alcohol 10: lH NMR (90 MHz, 
CDCI3): δ 4.72 (m, IH, О-СН-О), 3.90-3.30 (m, 5Н, CHjOH, ОСН2, НС-СН3), 2.18 (bs, IH, ОН). 
1.80-1.00 (m, 17Н, remaining protons); IR (CC14, cm 1 ) : 3620, 3600-3100 (OH). Aldehyde 11: vide 
infra. 
(A)-6-(l'-Ethoxy-ethoxy)heptanal (11) 
Oxalyl chloride (2.08 mL, 23.8 mmol) was dissolved in dichloromethane (50 mL) at -78°C under 
argon, then dimethyl sulfoxide (3.58 mL, 50.4 mmol) in dichloromethane (15 mL) and alcohol 10 
(4.85 g, 23.8 mmol) in dichloromethane (22 mL) were added. After stirring for 20 min. at -78°C 
triethylamine (16.7 mL) was added and the reaction mixture was allowed to warm up to room 
temperature. Water was added and then the solution was extracted three times with dichloromethane. 
The combined organic layers were washed with satd. aqueous NaCl and 5% Na2CC<3. The organic 
layer was dried over MgS04 and concentrated in vacuo, yielding aldehyde 11 (4.54 g, 22.5 mmol, 95 
%) which was sufficiently pure for further use. Ή NMR (100 MHz, CDC13): δ 9.77 (t, IH, J= 1.7 
Hz, СН=0), 4.72 (m, IH, О-СН-О), 3.90-3.30 (m, ЗН, OCH^, HC-CH3), 2.46 (dt, 2H, J= 7.0 Hz, 1.7 
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Hz), CHjCHsO); 1.85-1.00 (m, 15Н, remaining protons); IR (CC14, cm 1 ) : 1725 (C=0). 
Ethyl (2E,8Ä)-841'-ethoxy-ethoxy)non-2-enoate (12) 
Triethyl phosphonoacetate (5.69 mL, 28.7 mmol) and diisopropylethylamine (5.05 mL, 29.0 mmol) 
were added to a suspension of lithium chloride (1.46 g) in acetonitrile under argon. After stirring for 
15 min. at room temperature, aldehyde 11 (5.69 g, 28.1 mmol) in acetonitrile (20 mL) was added 
.The reaction was monitored by GC. After stirring overnight the solvent was removed under reduced 
pressure and water was added. This mixture was extracted three times with ether. The organic layers 
were dried over MgS04 and concentrated in vacuo. After chromatography (petroleum ether/ ethyl 
acetate 7:1), 3.39 g of alkene ester 12 (12.5 mmol, 44%) was obtained. Ή NMR (100 MHz, CDC13): 
δ 6.95 (dt, IH, J= 16.6 Hz, 6.9 Hz), HC=C-C=0), 5.81 (d, IH, J= 15.6 Hz, C=CH-C=0), 4.85-4.55 
(m, IH, O-CH-O), 4.18 (q, 2H, J= 7.1 Hz, СООСЩ, 3.85-3.25 (m, 3H, OCHj, HC-CH3), 2.40-2.05 
(m, 2H, СЫ2С=С), 1.75-0.70 (m, 18 H, remaining protons); IR (CC14, cm 1 ) : 1720 (C=0), 1640 
(C=C); MS (СГ): m/e= 273 (M++l, 0.1 %), 227 (-ЕЮН, 36%), 183 (-ethanol -C0 2, 52%), 109 
(32%), 73 (100%). 
(2£,8R)-(l'-Ethoxyethoxy)non-2-en-l-ol(13) 
DibalH (20.5 mL) was added to a solution of alkene ester 12 (2.92 g, 12.5 mmol) in ether (70 mL) at 
0°C under argon. Addition of extra DibalH (8 mL) was necessary to obtain a complete reaction. 
After stirring overnight the reaction mixture was quenched with Na2SO4.10 H 2 0 (4 g). This mixture 
was stirred for 1.5 h. After nitration of the insoluble salts, the filtrate was dried over MgS04 and 
concentrated in vacuo, giving 1.71 g of crude product After chromatography (petroleum ether/ ethyl 
acetate 2:1), 1.13 g of alkenol 13 (4.91 mmol, 53 %) was obtained as a colorless oil. ]H NMR (100 
MHz, CDC13): δ 5.90-5.40 (m, 2H, HC=CH), 4.72 (m, IH, O-CH-O), 4.06 (bs, 2H, OCH^OH), 
3.85-3.25 (m, 3H, OCHj, HC-CH3), 2.20-1.80 (m, 3H, C H ^ C , OH), 1.70-1.00 (m, 15H, remaining 
protons); IR (CC14, cm 1 ) : 3610 (OH). 
(25¿S^)-8-(r-Ethoxy-ethoxy)-23-epoxy-nonan-l-ol(14) 
L(+)-diethyl tartrate (1.03 g, 5.0 mmol) and titanium(IV) isopropoxide (1.48 mL, 5.0 mmol) were 
added to a suspension of powdered, activated molecular sieves (4À, 1.1 g) in dichloromethane (25 
mL) at -20°C under argon. Then, after stirring at -10°C for 5 min., a solution of alkenol 13 (1.16 g, 
5.0 mmol) in dichloromethane (5 mL) was added. Finally, after 30 min. at -10°C, rerr-butyl 
hydroperoxide (1.48 mL, 5.8 mmol, M= 3.92 in 1,2-dichloroethane) was slowly introduced. The 
reaction was monitored by TLC. After stirring for 3 h at -10°C the reaction mixture was kept at 
-25°C overnight, satd. aqueous Na2S03 and satd. aqueous Na2S04 were added, followed by 
filtration through Hyflo to remove the molecular sieves. The filtrate was extracted three times with 
ether. The combined organic layers were washed with 50% KOH, satd. aqueous NaCl, dried 
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(MgS04) and concentrated in vacuo. After chromatography (petroleum ether/ethyl acetate 1:1), 0.73 
g of pure epoxy alcohol 14 (3.0 mmol, 60 %) and 80 mg (7%) of starting material 13 were obtained. 
•H NMR (90 MHz, CDCI3): δ 4.72 (m, IH, O-CH-O), 4.00-3.30 (m, 5Н, CHjOH, OCHj, HC-CH3), 
3.10-2.83 (m, 2H, HC(O)CH). 2.37 (bs, IH, OH). 1.80-1.00 (m, 17H, remaining protons); IR (CC14, 
cm
1 ) : 3600, 3620-3200 (OH). 
(2S^^W)-8-(l'-Ethoxy-ethoxy)-23-epoxy-l-(tert-butyldiphenylsiloxy)-nonane(15) 
Imidazole (273 mg, 4.00 mmol) and fert-butyldiphenylsilyl chloride (0.52 mL, 2.00 mmol) were 
added to a solution of epoxy alcohol 14 (240 mg, 0.97 mmol) in Ν,/Υ-dimethylformamide (10 mL) 
under argon. The reaction was monitored by TLC. After stirring for 2 h water was added and the 
mixture was extracted three times with hexane. The combined organic layers were washed with 
water, dried (MgS04) and concentrated in vacuo, yielding 0.5 g of crude 15 which was sufficiently 
pure for further use. Ή NMR (100 MHz, CDCI3): δ 7.85-7.55 (m, 4Η, arom.), 7.50-7.25 (m, 6H, 
arom.), 4.71 (m, IH, O-CH-O), 3.85-3.30 (m, 5H, CH^OSi, HC-CH3, OCHj), 3.90-2.70 (m, 2H, 
HC(O)CH), 106 (s, 9H, tBu), 1.70-0.70 (m, 1 IH, remaining protons); IR (ССЦ, cm 1 ) : 1250 (C-Si). 
(2Ä,7S,85)-9-(ttrt-butyldiphenylsiloxy)-7,8-epoxy-nonan-2-ol(16) 
Pyridinium /Moluenesulphonate (PPTS) (25 mg, 0.1 mmol) was added lo a solution of epoxide 15 
(0.5 g, 1 mmol) in ethanol (10 mL). The reaction was monitored by TLC. After 4.5 h the reaction 
was complete and ether was added. The reaction mixture was filtered to remove the insoluble PPTS 
and concentrated in vacuo. After chromatography (petroleum ether/ ethyl acetate 3:1), 260 mg of 
alcohol 16 (0.63 mmol, 65%) was obtained. ·Η NMR (100 MHz, CDCI3): δ 7.80-7.55 (m, 4Η, 
arom.). 7.50-7.30 (m, 6H, arom.), 3.90-3.60 (m, 3H, CHjOSi, HC-CH3), 3.00-2.70 (m, 2H, 
HC(O)CH), 1.70-1.30 (m, 9H, -(CH2)4-, OH), 1.18 (d, 3H, J= 6.1 Hz, CH3), 1.06 (s, 9H, tBu); IR 
(CC14, cm 1 ) : 3610, 3600-3200 (OH), 1250 (C-Si). MS (СГ): m/e= 395 (M++l -H 20, 0.01%), 337 
(-H20 -C 4H 1 0, 2%), 317 (-C6H6 -H20, 1%), 241 (-C6H6 -2H20 -C4H1 0, 35%), 223 (-C6H6 -3H20 
-C4H1 0, 13%), 199 (Ph2SiOH+, 100%), 181 (-2C6H6 -H 20 -C4H1 0, 43%), 163 (-2C6H6 -2H20 





Acetic anhydride (487 mg, 0.45 mL, 4.8 mmol) and 4-dimethylamino pyridine (±10 mg) were added 
to a solution of alcohol 16 (260 mg, 0.63 mmol) in pyridine (10 mL). After stirring for 1 h the 
reaction was complete and ice was added. This mixture was extracted three times with ether. The 
organic layers were washed with water, 2M HCl (twice) and satd. aqueous NaHC0 3 and then dried 
(MgS04) and concentrated in vacuo to give 250 mg of acetate 17 (0.55 mmol, 88 %) which was 
sufficiently pure for further use. Ή NMR (100 MHz, CDCI3): δ 7.84-7.58 (m, 4Η, arom.), 7.53-7.31 
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(m, 6H, arara.). 5.10-4.70 (m. IH, HC-CH3), 3.76 (d, 2Н, J= 4.0 Hz. CHjOSi), 3.00-2.64 (m. 2H, 
HC(O)CH). 2.05 (s, ЗН. Ac). 1.79-1.22 (m, 8H, -(CH^^), 1.22 (d, ЗН, J= 6.0 Hz, CHj), 1.06 (s. 9H. 
tBu); IR (CCI4. cm·'): 1730 (C=0), 1250 (C-Si). 
(2S,35,8ir)-8-Acetoxy-2,3-epoxy-nonan-l-ol(18) 
Tetrabutylammonium fluoride (0.60 mL, IM in tetrahydrofuran) was added to a solution of silyl 
ether 17 (250 mg, 0.55 mmol) in tetrahydrofuran (10 mL) using a syringe. The reaction was 
monitored by TLC. After 30 min. the reaction was complete and satd. aqueous NH4C1 was added. 
This mixture was extracted three times with ether. The combined organic layers were dried over 
MgS0 4 and concentrated in vacuo. Chromatography (petroleum ether/ethyl acetate 1:1) gave epoxy 
alcohol 18 (116 mg, 0.54 mmol. 98 %). ·Η NMR (100 MHz, CDC13): δ 5.10-4.70 (m. IH, HC-CH3), 
3.90 and 3.60 (dq, 2H, J= 12.5, 2.0 Hz resp. J= 12.5,4.2 Hz, CH^OH), 3.05-2.83 (m, 2H, HC(O)CH). 
2.51 (bs, IH, OH). 2.03 (s, ЗН, Ac), 1.80-1.30 (m, 8H, -(СНг ), 1.21 (d, ЗН. J= 6.2 Hz, CHj); IR 
(CCI,, cm-1): 3620, 3600-3200 (OH), 1730 (C=0); MS (CI+): m/e= 217 (M++l, 1%), 199 (-H20, 
1%), 183 (-H20 -CH4, 1%), 157 (-CH3COOH, 7%). 139 (-CH3COOH -H20, 7%), 121 (-CH3COOH 
-2H20, 19%), 113 (25%), 97 (29%), 95 (90%), 81 (23%), 79 (13%). 57 (21%). 55 (35%). 43 
(CH3CO\ 100%). 
(3S,45^A)-9-Acetoxy-3,4-epoxy-l-diazo-decan-2-one(19) 
Sodium periodate (NaI04X2.26 g, 10.6 mmol) and RuCl3.H20 (5 mg) were added to a solution of 18 
(156 mg, 0.72 mmol) in tetrachloromethane (1.5 mL), acelonilrile (1.5 mL) and water (2.5 mL). The 
reaction was monitored by TLC, After stirring for 1 h dichloromelhane (5 mL) and water (5 mL) 
were added and the layers were separated. The aqueous layer was extracted three times with 
dichloromethanc. The organic layer was dried over MgS04 and concentrated in vacuo. The black 
residue was dissolved in dry ether (10 mL) and cooled to 0°C under argon atmosphere. /-Butyl 
chloroformate (0.1 mL, 0.77 mmol) and triethylamine (0.15 mL, 1.1 mmol) were added to this 
solution. This mixture was stirred for 1 h at 0°C. The precipitated triethylamine hydrochloride was 
filtered off under argon flow and the filtrate was added to an excess of a diazomethane solution (10 
mL, ca. 0.3 M) in ether. After 0.5 h the reaction was complete, according to TLC-analysis. Excess 
diazomethane was removed by flushing with nitrogen. After evaporation the residue was purified by 
chromatography (hexane/ethyl acetate 2:1), affording epoxy diazomelhyl ketone 19 (140 mg, 0.55 
mmol, 77%) as a yellow oil. Ή NMR (90 MHz, CDC13): δ 5.49 (s, IH, HCN2), 5.11-4.67 (m, IH, 
HC-CH3), 3.23 (d, IH, J= 2.0 Hz, O-CH-C=0), 3.11-2.87 (m, IH, H-C(O)C), 2.03 (s, ЗН, Ac), 
1.82-1.16 (m, 8H, -(CHjV), 1.21 (d, 3H, J= 6.4 Hz. CH3); IR (CC14. cm1): 3120 (CHN2). 2120 
(CN2), 1730 (C=0). 1640 (CON2); MS (СГ): m/e= 255 (M++l. 9%), 195 (-CH3COOH. 1%). 167 
( N 2 -CHjCOOH, 1%), 137 (-N2 -CH3COOH -CH20,12%), 125 ( N 2 -CH3COOH -CH2CO, 6%). 95 
(17%), 81 (26%). 67 (21%). 43 (CH3CO+. 100%). 
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Ethyl (2£,45,9Jt)-9-acetoxy-4-hydiOxy-dec-2-enoate (20) 
A nitrogen flushed solution of diazo ketone 19 (133 mg, 0.52 mmol) in ethanol (100 mL) was 
irradiated with UV-light (300nm). The rearrangement was monitored by IR-spectroscopy 
(disappearance of the diazo absorption at 2120 cm"1) and was completed after 0.5 h. Evaporation of 
the ethanol gave hydroxy enoate 20 as a clear yellowish oil (141 mg, 99%) which was immediately 
used in the next step. Ή NMR (90 MHz, CDC13): δ 6.98 (dd, IH, J= 16.0,4.6 Hz, НС=С-С=0), 6.07 
(dd, IH, J= 16.0, 1.0 Hz, С=СН-С=0), 5.16-4.72 (m, IH, HC-CH3), 4.50-4.00 (m, ЗН, НС-ОН, 
ОСНг), 2.05 (s, ЗН, Ас), 1.80-1.00 (m, 12Н, -(СН^-.-ОН, OCHjCHj), 1.22 (d, ЗН, J= 6.0 Hz, 
CHj); IR (CCI4, cm"1): 3600, 3600-3200 (OH), 1715 (C=0). 
Ethyl (2E,4S,9R>-9-acetoxy-4-(tert-butyldimethylsiloxy)dec-2-enoate (21) 
Imidazole (90 mg, 1.32 mmol) and tórí-butyldimethylsilyl chloride (TBDMSCl) (170 mg, 1.13 
mmol) in DMF (3 mL) were added to a stirred solution of crude hydroxy enoate 20 (141 mg, 0.52 
mmol) in DMF (5 mL) under argon. Then a catalytic amount of 4-dimethylamino pyridine was 
added. After stirring overnight and addition of 2 extra equivalents of imidazole and TBDMSCl the 
reaction was quenched with water. This mixture was extracted three times with hexane. The 
combined organic layers were washed with water, dried (MgSO^ and concentrated in vacuo. The 
residue was purified by chromatography (hexane/ethyl acetate 10:1) yielding pure 21 (30 mg, 0.08 
mmol, 15%). No starting material 20 could be recovered. !H NMR (90 MHz, CDCI3): δ 6.88 (dd, 
IH, J= 15.6, 4.7 Hz, HC=C-C=0), 5.91 (dd, IH, J= 15.6, 1.5 Hz, C=CH-C=0), 5.05-4.65 (m, IH, 
HC-CH3), 4.40-4.00 (m, 3H, HC-OSi, ΟΟί£Η 3 ) , 1.99 (s, 3H, Ac), 1.70-1.10 (m, 14H, remaining 
protons), 0.88 (s, 9H, Фи), 0.10 (d, 6H, J= 1.8 Hz, Si(CHj)2); IR (CC14, cm1): 1720 (C=0), 1655 
(C=C), 1240 (C-Si). 
(2£,4S,9Ä)-9-Hydroxy-4-(/ert-butyldimethylsiloxy)dec-2-enoic acid (22) 
Lithium hydroxide (0.16 mmol, 4 mg) was added to a stirred solution of ester 21 (30 mg, 0.078 
mmol) in tetrahydrofuran (1 mL) and water (1 mL). This solution was heated for 24 h at 50°C. (The 
reaction was monitored by TLC). The reaction mixture was acidified with tartaric acid to pH 4 and 
extracted four times with ether. The combined ethereal layers were dried (MgSO^ and concentrated 
in vacuo, giving crude 22 (28 mg, 99%). This product was used without purification in the next step. 
•H NMR (90 MHz, CDCI3): δ 7.02 (dd, IH, J= 15.6,4.4 Hz, HC=C-C=0), 5.98 (dd, IH, J= 15.6,1.5 
Hz, C=CH-C=0), 5.92 (bs, 2H, COOH, OH). 4.47-4.17 (m, IH, HC-OSi), 4.00-3.58 (m, IH, 
HC-CHj), 1.76-1.11 (m, 8H, -(CH^X,-), 1.18 (d, 3H, J= 6.0 Hz, CH,), 0.89 (s, 9H, tBu), 0.03 (d, 6H, 
Si(CH3)2); IR (CC14, cm"1): 3620, 3600-2100 (COOH), 1700 (C=0), 1655 (C=C), 1250 (C-Si). 
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(2Z,454»Ä)-4-(tert-butyldimethyIsiloxy)dec-2-en-9-oIide(23) 
Triethylamine (0.086 mmol, 8.7 mg, 11.9 μι), followed by 2,4,6-trichlorobenzoylchloride (0.086 
mmol, 21 mg, 13 μι) was added to a solution of hydroxy acid 22 (28 mg, 0.078 mmol) in 
tetrahydrofuran (3 mL) under argon. After stirring for 2 h the precipitated triethylamine 
hydrochloride was removed by filtration under an argon flow. The filtrate was diluted with 50 mL of 
dry toluene and slowly added (in 2 h) to a refluxing solution of 4-dimelhylamino pyridine (36 mg, 
0.47 mmol) in toluene. After heating for 1 h, the reaction mixture was allowed to cool to room 
temperature and stirring was continued overnight The reaction mixture was diluted with ca. 100 mL 
of ether and washed with satd. aqueous tartaric acid and satd. aqueous NaHC03. The organic layer 
was dried (MgS04) and concentrated in vacuo. The residue was purified by chromatography 
(hexane/ether 30:1), giving 9 mg of 23 (0.03 mmol, 40%) as a colorless oil. Ή NMR (90 MHz, 
CDClj): δ 6.08 (dd, IH, J= 11.5, 6.0 Hz, НС=С-С=0), 5.80 (dd, IH, J= 11.5. 1.0 Hz, С=СН-С=0), 
5.00-4.60 (m, IH, HC-OSi), 4.70-4.39 (m, IH, HC-CH3), 2.10-1.10 (m, 8H, -(СНг ), 1.30 (d, ЗН, 
J= 6.6 Hz, CHj), 0.87 (s, 9H, /Bu), 0.03 (d, 6H, J= 0.5 Hz, Si(CH,)2); IR (CC14, cm1): 1725 (C=0), 
1250 (C-Si); UV (CH3CN) ^ 192.7 nm (e= 4160 mol'cm^; MS (СГ): nVe= 299 (M++l. 1%), 
283 (-CH4, 8%), 265 (-СН4 -Н20, 1%), 243 (-С4Н8, 6%), 241 (-С4Н10, 100%), 223 (-СН4 
-СН3СООН, 33%), 215 (20%), 197 (11%), 167 (-rBuMe2SiOH, 14%), 157 (23%), 149 
(-fBuMe2SiOH -Н20, 21%), 129 (19%), 121 (24%), 75 (SiMe2OH+, 78%), 73 (43%); exact mass 
caled. forC1 6H3 I03Si (M++l) 299.20425, found 299.20389. 
(lf)-7-(l'-Ethoxy-ethoxy)oct-3-yn-l-ol(24) 
But-3-yn-l-ol (7.0 g, 100 mmol), followed by iodide 8 (14.0 g, 51 mmol) in THF (50 mL) was added 
to a solution of LiNH2 (1.4 g Li) in liquid ammonia (350 mL). After 60 h, satd. aqueous NH4C1 and 
ether were added. They layers were separated and the aqueous layer was extracted with ether. The 
combined organic layers were dried (MgS04) and concentrated in vacuo. The residue was purified 
by chromatography (hexane/ether 1:1), giving 7.80 g of pure 24 (36.4 mmol, 71%) as an oil. Ή 
NMR (100 MHz. CDC13): δ 4.75 (m, IH. О-СН-О), 4.00-3.30 (m, 5Н, НС-СН3, OCHj, CH^OH), 
2.60-2.20 (m, 4H, CHj-OC-CHy, 1.65 (m, 2H, CH )^, 1.50-1.00 (m, 9H, 3 CR,). 
(Ä)-7-(l'-Ethoxy-ethoxy)octan-l-ol (25) 
Alkynol 24 (7.80 g, 36.4 mmol) was dissolved in ethyl acetate (200 mL). This solution was 
hydrogenated in the presence of a small amount of triethylamine and ca 200 mg of Pd/C (10%) as a 
catalyst The reaction was monitored with GC analysis, which showed formation of 2 products, both 
as diastereomers. The catalyst was removed by filtration and the filtrate was concentrated in vacuo. 
The residue was purified by chromatography (petroleum ether/ethyl acetate 3:1) yielding pure 
aldehyde 26 (1.16 g, 5.37 mmol, 14%) and pure alcohol 25 (5.19 g, 23.8 mmol, 63.5 %), 
respectively. Alcohol 25: Ή NMR (100 MHz, CDC13): δ 4.72 (m, IH, О-СН-О), 3.70-3.30 (m, 5Н, 
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СНгОН, OCH* HC-CHj), 2.18 (bs, IH, OH), 1.60-1.00 (m, 19H, remaining protons); IR (ССЦ, 
cm
1 ) : 3620, 3600-3100 (OH). MS (EI+): m/e= (no M+), 173 (14%), 129 (39%), 117 (11%), 111 
(18%), 74 (12%), 73 (100%). 69 (54%); Caled, for С1 2Н2 6Оз (218.34) С 66.01, H 12.00%, found 
65.16, H 11.99%. Aldehyde 26: vide infra. 
(Ä)-7-(l'-Ethoxy-ethoxy)octanal (26) 
The procedure given for the preparation of aldehyde 11 was followed. From alcohol 25 (4.3 g, 19.9 
mmol), 4.3 g of aldehyde 26 (19.9 mmol, 100%) was obtained. Ή NMR (100 MHz, CDCI3): δ 9.76 
(t, IH, J= 1.8 Hz, СН=0), 4.72 (m, IH, O C H O ) , 3.90-3.30 (m, ЗН, OCH* HC-CHj), 2.46 (dt, 2H, 
J= 5.7 Hz, 1.8 Hz), C H j O ^ O ) ; 1.63-1.35 (m, 17H, remaining protons); IR (CCI4, c m 1 ) : 1725 
(C=0). MS (EI+): m/e= (no M+). 171 (9%), 143 (12%), 127 (38%), 109 (50%), 83 (11%), 73 (100%); 
Caled, for C 1 2 H 2 4 0 3 (216.32) С 66.63, H 11.18%, found 64.72, H 11.07%. 
Methyl (2£,4ÄS,9R)-9-(l'-ethoxy-ethoxy)-4-hydroxy-dec-2-enoate (27) 
Aldehyde 26 (1.16 g, 5.14 mmol) in acetonitrile (15 mL) was added to a solution of methyl 
p-chlorophenylsulfinylacetate27 (1.10 g, 5.6 mmol) and piperidine (350 mg, 5.29 mmol) in 
acetonitrile (10 mL). After stirring for 14 h, the reaction mixture was concentrated in vacuo. The 
residue was purified by chromatography (hexane/EtOAc 3:1), giving pure 27 (1.00 g, 3.47 mmol, 
67%). Ή NMR (100 MHz, CDClj). δ 6.95 (dd, IH, J= 15.5,4.8 Hz, HC=C-C=0), 6.03 (dd, IH, J= 
15.5. 1.6 Hz, C=CH-C=0), 4.72 (m, IH. O-CH-O), 4.31 (m, IH, HC-CH3), 3.74 (s, 3H, CH,). 
3.60-3.30 (m, 3H, HC-OH, OCH2). 1.70-1.00 (m, 18H, remaining prolons); IR (CC14, c m 1 ) : 3680 
(OH), 1720 (C=0), 1655 (C=C); Caled, for C 1 5 H 2 g 0 5 (288.39) С 62.47. Η 9.79%. found 62.35. Η 
9.91%. 
Methyl (2£,4/fS,9Ä)-9.(l'-eÜioxy-ethoxy)-4-(tert-butyldimethylsiloxy)dec-2-enoate (28) 
The procedure for the preparation of compound 21 was followed. Starting from 27 (900 mg, 3.12 
mmol) gave 28 (1.04 g, 2.58 mmol) in a yield of 82% after chromatography (hexane/ether 4:1). lH 
NMR (100 MHz, CDCI3): δ 6.87 (dd, IH, J= 15.5, 4.6 Hz, HC=C-C=0), 5.92 (dd, IH, J= 15.5, 1.8 
Hz, C=CH-C=0), 4.66 (m. IH, O-CH-O), 4.25 (m, IH, HC-CH3), 3.69 (s, 3H, CH3), 3.60-3.30 (m. 
3H, HC-OSi, OCHJ 1.60-1.00 (m, 17H, remaining protons), 0.85 (s, 9H, fBu), 0.00 (2 s, 6H, 
Si(CH3)2); IR (ССЦ, cm·1): 1715 (C=0), 1650 (C=C); Caled, for C 2 l H 4 2 0 5 Si (402.65) С 62.64, Η 
10.51%, found 62.68, Η 10.62%. 
(2£,4ÄS4»Ä)-9-(l'-Ethoxy-eÜioxy)-4-(tert-butyldimethylsiIoxy)dec-2-enoic acid (29) 
The procedure for the preparation of compound 22 was followed. Starting from 28 (1,00 g, 2.5 
mmol) gave 29 (815 mg, 1.8 mmol) in a yield of 82% after chromatography (EtOAc). 'H NMR (100 
MHz, CDCI3): δ 8.91 (bs, IH, COOH). 7.00 (dd, IH, J= 15.5. 4.5 Hz, HC=C-C=0), 5.97 (d, IH. J= 
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15.5, С=СН-С=0), 4.67 (га, IH, O C H O ) , 4.24 (m, IH, HC-OSi), 3.60-3.30 (m, ЗН, HC-CH3, 
ОСНг). 1.40-1.0 (m, 17Н, remaining protons), 0.86 (s, 9Н, /Bu), 0.05 and 0.00 (2 s, 6H, SKCH^j). 
(2E,4ÄS^»Ä)-9-Hydroxy-4-«ert-butyIdimcthylsiloxy)dec-2-enoic acid (30) 
Hydroxy acid 29 (700 mg, 1.8 mmol) in ether (10 mL) was added at 0 °C to a MgBr2-ether complex 
(prepared from Mg (216 mg, 8.88 mmol) and 1,2-dibromoethane (1.70 g, 9 mmol) in ether (20 mL)). 
After stirring for 1 h, water was added and the reaction mixture was acidified with tartaric acid to pH 
4. The layers were separated and the organic layer was extracted with ether (3 times). The combined 
organic layers were dried (MgS04) and concentrated in vacuo. The residue was purified by 
chromatography (EtOAc), giving 30 (430 mg, 1.36 mmol, 75%) as a colorless oil. The spectroscopic 
data were identical with those of 22. 
(2Z,4ÄS,9Ä)-44iert-butyldimethylsiloxy)dec-2-en-9-olide(31) 
The procedure described for 23 was followed. From 30 (200 mg, 0.63 mmol), 21 mg of pure 31 (0.07 
mmol, 11%) was obtained after chromatography (hexane/ether 10:1) and preparative TLC (0.25 mm, 
Merck, hexane/ether 10:1). The spectroscopic data were identical with those of 23. 
(57r¿Jtf)-5-(5'-Hydroxyhexyl)-5tf-fiiran-2-one(32) 
Macrolide 31 (21 mg, 0.07 mmol) was treated with acetic acid (1 mL, 80%) and then the solution 
was heated under reflux for 5 min.. After standing overnight at room temperature the reaction 
mixture was concentrated in vacuo. The residue was purified by chromatography (ether), giving 32 
(7 mg, 0.038 mmol, 54%) as a colorless oil. lH NMR (100 MHz, CDC13): δ 7.45 (dd, IH, J= 5.7, 1.5 
Hz), 6.11 (dd, J= 5.7, 2.0 Hz), 5.06 (m, IH, HC-OC(O)), 3.77 (m, IH, HC-OH), 2.0-1.3 (m, 8H, 
-(CH2)4-), 1.19 (d, 3H, J= 6.2 Hz, CHj); IR (CC14, cm 1 ): 3600-3560 (OH), 1780, 1760 (C=0); exact 
mass caled, for C 1 0 H 1 6 O 3 184.1099, found 184.10997 ± 0.00090; exact mass caled, for C 1 0 H 1 5 O 2 
(-OH) 167.1072, found 167.1069410.00078. 
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CLAISEN ORTHOESTER REARRANGEMENT OF r-HYDROXY-a,ß-UNSATURATED 
ESTERS AND OF SOME γ-HYDROXY ALLYL ALCOHOL DERIVATIVES 
5.1 Introduction. 
In Chapter 1, it was demonstrated that Y-hydroxy-a,ß-unsaturated esters can undergo a 
variety of reactions. In this chapter, special attention will be given to these compounds as allylic 
alcohols. 
It is well documented that vinyl ethers derived from allylic alcohols can undergo a thermal 





An interesting variant of this rearrangement involves the in situ preparation of the vinyl ether 
of appropriate allylic alcohols by reaction with an orthoester in the presence of an acid catalyst, as 
depicted in Scheme 22. 
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It is generally accepted that these Claisen rearrangements take place via highly ordered 
chair-like transition states, as depicted in Scheme 3 for both geometrical isomers of the allylic 
substrates1. 
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Scheme 3 
When a stereogenic center is present in the allylic moiety of these ethers, chirality transfer 
takes place in the manner shown in Scheme 3. As a consequence of the conformational preference 
for chair-like transition state la for (5)-(£)-I, this substrate will predictably rearrange to (S)-(E)-ll as 
the major product, whereas compound (5)-(Z)-I with the opposite geometrical configuration will lead 
to (Λ)-(£)-Π as the predominant product via transition state Ic. The alternative chair-like 
conformations lb and Id, respectively, would produce products with the opposite geometrical and 
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stereochemical configuration. However, these transition states lb and Id are energetically less 
favorable because of the axial position of the R' substituent in these quasi six-merobered ring 
structures. 
The stereospecificity of the Claisen rearrangement is usually very high (2 95%) and, 
therefore, these reactions are attractive for effective chirality transfer of an allylic alcohol to a 
tertiary carbon atom. 
In this Chapter, the allylic alcohol moiety in y-hydroxy-a.ß-unsaturated esters is considered 
in the context of the Claisen orthoester rearrangement Additional substrates for the Claisen 
orthoester rearrangement can be derived from these unsaturated esters by reduction of the ester 
function to a primary alcohol. The resulting 2-alkene-l,4-diols can be subjected to a Claisen 
orthoester rearrangement in two ways, depending on which alcohol function is converted into the 
vinyl ether group. The three substrates А, В and С investigated are depicted in Figure 1, in which the 
principal allylic alcohol unit is framed. 
Figure 1 











































Substrates of type В will lead to stereochemically well-defined p-substituted γ-lactoncs, 
whereas substrates С will produce β,γ-disubstituted γ-lactones. The former reaction is rarely 
mentioned in published reports3, whereas the latter has been encountered only twice4, with an 
application in the synthesis of the monoterpenc (-)-elenolic acid4b and the alkaloid (-)-ajmalicine4b. 
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5.2 Claisen orthoester rearrangement of γ-hydroxy-a^l-unsaturated esters. 
The synthesis of Y-hydroxy-a,ß-unsaturated esters can be achieved in several ways, as 
outlined in Chapter 1. Enantiopure substrates are also readily accessible. In the context of this thesis, 
the route via epoxy diazomethyl ketones has been used3. 
When subjected to the Claisen orlhoester rearrangement, y-hydroxy-a.ß-unsaturated esters 1 
undergo the expected reaction giving products 2 in acceptable chemical yields (Scheme S). 
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The typical conditions for the Claisen orthoester rearrangement were chosen, namely heating 
of the substrate in irimelhyl or triethyl orthoacetate at 140 °C for several hours in the presence of 
propionic acid as acid catalyst2. The nature of the ortho acetates has no influence on the 
rearrangement results. The stereochemical course of this conversion of 1 into 2 was investigated with 
enantiopure substrates, viz., la, le, le. If. The resulting reaction products were assigned the 
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structures 2 depicted in Scheme 5. Their absolute configurations are based on the expected 
mechanistic course of the rearrangement. The enantiomeric purity of the products obtained from la, 
lc and If, respectively, was deduced from Ή NMR spectral analysis using Eu(hfc)3 as the shift 
reagent This spectral analysis was facilitated by the availability of the racemic rearranged products 
2b, 2d and 2g. The 'H-NMR signals for the CH2 group adjacent to the chiral center show up as two 
AB quartets when a suitable amount of shift reagent is added; these separate signals can be attributed 
to the respective enantiomers of the product 
For la and lc, the stereoselectivity of the rearrangement was almost quantitative. For If, 
however, a very low e.e. of the product 2f was observed. It is assumed that, under the conditions of 
the reaction, racemization of the starting material takes place, because of the presence of the phenyl 
substituent, which allows formation of an intermediate benzyl carbocation by protonation of the 
hydroxyl group and subsequent elimination of water, in a reversible manner. 
Differentiation between the ester functions in the resulting bis-cstcrs 2 cannot readily be 
accomplished, unless proper measures have been taken at the stage of the starting material, e.g., 
using a rm-butyl ester of compounds 1. Efforts in this direction have not been undertaken. 
5.3 Claisen orthoester rearrangement of 2-alkene-l,4-diol derivatives derived from 
Y-hydroxy-a,ß-unsaturated esters. 
5.3.1 Synthesis of 2-alkene-l,4-diol derivatives. 
Substrates of types В and С (Figure 1) can be prepared from y-hydroxy-a.ß-unsaturated 
esters by choosing appropriate protecting groups for the γ-hydroxy function. The sequence of 
reactions leading to substrates of types В and С is depicted in Scheme 6. The γ-hydroxy function is 
first protected as a silyl ether and the ester group is then reduced to a primary alcohol using DibalH 
as the reducing agent. The resultant products can serve as substrates of the type C. 
Subsequent conversion of the primary alcohol group into an acetate, followed by removal of 
the silyl ether group using tetra-n-butylammonium fluoride then leads to a 2-alkene-l,4-diol, in 
which the primary alcohol is protected. These compounds are representatives of substrates of type B. 
Various y-hydroxy-a,ß-unsaturated esters were selected in this study, viz.; 3a-d. Their 
preparation has been described in Chapter 1 (section 1.2) and Chapter 25·7·8. 
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Scheme 6 
5.3.2 Rearrangement of 2-alkene-l,4-diols with a free secondary alcohol group 
(substrate of type B). 
The allylic alcohols of type B, prepared as shown in Scheme 6, were subjected to the 
Claisen orthoester rearrangement at 140 °C in the presence of a catalytic amount of propionic acid2. 
For all three substrates 7, a satisfactory rearrangement was observed (Scheme 7). The products 8 
were obtained in moderate yields. 
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"Yield of corresponding racemale is given ID parentheses. 
^fixture of 8d and M . boUi compounds could be isolated and characterized; 8d was not further converted into 9d. 
Scheme 7 
In the case of substrate 7d, a second reaction product was isolated, which was identified as 
lactone 9d. The formation of this product can be explained by assuming a trans-esterification of the 
acetate by methanol liberated during the formation of the vinyl ether from the secondary alcohol and 
orthoester. The resultant free primary alcohol then undergoes a lactonization reaction to give lactone 
9d. Spectral analysis combined with capillary GC of both products 8d and 9d revealed that they 
were obtained as single diastereomers, indicating that the Claisen orthoester rearrangement has taken 
place with complete stcreospecificity. For product 8a, lactone formation could be achieved by 
successive treatment with potassium carbonate in methanol and p-toluenesulfonic acid in benzene. 
Treatment of 8c in a similar manner did not produce the desired lactone 9c but a mixture of 
products that could not be identified. 
The enantiomeric purity of lactone 9a was established by Ή NMR analysis using Eu(hfc)3 as 
chiral shift reagent. The availability of raccmic lactone 9a facilitated peak assignment9. By using a 
suitable amount of shift reagent, the signal of the α-methylene protons of both enantiomers of 9a 
could be observed in the Ή NMR spectrum. It was found that enantiopure substrate 8a was 
converted into lactone 9a with an enantiopurity exceeding 99%. In this case, determination of the 
enantiopurity of compound 9a could not be accomplished by capillary GC using a chiral column10. 
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5.3.3 Claisen orthoester rearrangement of 2-alkene-l,4-diols with a protected secondary 
alcohol function (Substrates of type C). 
The allylic alcohols of type С (as exemplified by the substrates 5a-d) were subjected to the 
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The rearranged products 10 were obtained in moderate to good yields as a mixture of 
diastcreomers. Evidently, the chiral center at C4 had very little effect on the stereochemical course of 
the rearrangement. However, a small preference for the syn isomer of 10 was observed. Similar 
results with analogous compounds have been reported previously6. Hehre etal.u have examined this 
preference for the syn product in full detail. Their findings can be summarized as follows: The 
Claisen rearrangement is assumed to occur from a chairlike conformation in which the allylic CH # 
bond eclipses with C=C1 2. The two possible conformations la and lb are given in Scheme 9 (cf. 
Scheme 3 in section 5.1). The rearranging skeleton can be regarded as an "electron-rich ester 
enolate" that is coupled to an "electrophilic allyl group". In that case the transition state involving the 
most electron-poor allylic component would lead to the predominant product. 
In transition structure la, OR" is oriented anti with respect to the incoming enolate. This allows the 
anti-bonding σ-orbital of C-OR" to act in an electron-withdrawing manner which further increases 
the electrophilicity of the allylic component. This gives rise to the most favorable diastereofacial 
transition structure lb leading to the corresponding syn product. 























Removal of the silyl ether protecting function with nBu4NF results in subsequent 
spontaneous lactonization to give a mixture of diasiereomeric lactones in yields ranging from 
51-95%. 
In the cases of 11a and lib, separation of cis and trans lactones was accomplished by 
column chromatography. For l i e and lid, the signals in the Ή NMR spectrum could be attributed 
to cis and trans lactone structures. 
For the assignment of the cis and trans configuration of the γ-lactones 11, the chemical shifts 
of H 5 in both isomers were compared with previously published precedents
13
. The signal for the cis 
isomer invariably occurs at lower field than that of the trans isomer. In addition, in the cases of 11a 
and l i b in which they were determinable, the coupling constants between H4 and H 5 for the trans 
lactones were larger than those for the cis compounds14. In general, for vicinal ring hydrogens J
r n u u 
is larger than J
c i f, however, a few exceptions have been reported
15
. 
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5.4 Concluding remarks. 
It has been demonstrated that the allylic alcohol moiety in the substrate types А, В and С can 
be utilized in the Claisen orthoester rearrangement When the intermediate vinyl ether is attached to 
a defined stcreogenic center, the reaction takes place with almost complete transfer of chirality. 
On further elaboration, these preliminary experiments may lead to the synthesis of useful 
synthons for the construction of complex organic molecules such as natural products. 
5.5 Experimental section 
General Procedures. 'H NMR spectra were recorded on a Varian EM 390 (90 MHz, CW), a Bruker 
WH 90 (90 Mhz, FT), a Bruker AM 100 (100 MHz, FT) or a Bruker AM 400 (400 MHz, FT) 
spectrometer using TMS, chloroform or dichloromeihane as internal standard. IR spectra were 
recorded on a Perkin-Elmer 298 spectrophotometer. For mass spectroscopy a double focussing VG 
7070 E was used. For the chemical ionisation (CI) technique, methane was used as reacting gas. GC 
was performed on a Hewlett-Packard 5790A or 5890 instrument equiped with a capillary HP 
cross-linked silicone (25 m χ 0.31 mm) column, connected to a HP 3390 or HP 5890 calculating 
integrator. Optical rotations were measured with a Perkin-Elmer 241 Polarimeter. Column 
chromatography was performed with silicagel 60H (Merck). A pressure of 1.5-2.0 bar was used to 
obtain the necessary flow rate. 
Dry solvents were obtained as follows: Petroleum ether 60-80 was distilled from sodium hydride. 
Dichloromeihane was distilled from phosphorous pentoxide. Diethyl ether was pre-dried on calcium 
chloride and then distilled from calcium hydride. THF was distilled from lithium aluminium hydride. 
Pyridine, triethylamine, diisopropylethylamine were distilled from potassium hydroxide. Dimethyl 
sulfoxide was distilled from calcium hydride. Toluene was distilled from sodium. All other solvents 
were of either P.A. or "reinst" quality. DibalH was used as a stock solution of 1.0 M in hexane. 
Trimethyl orthoacetate and triethyl orthoacctate were purchased from Aldrich and were used without 
further purification. 
Diethyl (E,2S)-2-(riepM'-enyl)-butanedioate (2a) 
A catalytic amount of propionic acid (4.5 mg, 0.06 equiv.) was added to a mixture of ethyl 
(£,45)-4-hydroxy-non-2-enoate5 la (98% e.e., 250 mg, 1.0 mmol) and triethyl orthoacetate (1.14 g, 
7.0 mmol, 7 equiv.). This mixture was heated under reflux at 140°C for 3 h. The reaction mixture 
was then allowed to cool to room temperature. Water and ether were added and the aqueous layer 
was extracted with ether (three times). The combined organic layers were dried (MgS04) and 
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concentrated in vacuo, to give pure product 2a (ISO mg, 0.56 mmol, 55%) as a colorless oil after 
chromatography (hexane/EtOAc 10:1). [a] D M = +37.2 (c 0.37, MeOH); *H NMR (400 MHz, CDC13): 
δ 5.67-5.55 (m, IH, С=СН-С5НП). 5.41 (dd, IH. J=15.4, 8.2 Hz, CH=C-C5H„), 4.20-4.05 (m, 4H, 2 
OCHj), 3.50-3.40 (m, IH, HC-C02Ef), 2.81 and 2.49 (dd, 2H, J= 16.4 Hz, 9.2 Hz resp 16.4 Hz, 7.2 
Hz, CH2-C02El), 2.05-1.94 (m. 2H, CH2-C=C), 1.41-1.08 (m, 12H, remaining protons), 0.87 (t, 3H. 
J= 6.9 Hz, CHj); IR (CCI4, cm1): 1735 (C=0); MS (ЕГ): m/e= 270 (M+), 224 (-ЕЮН, 14%), 196 
(12%), 151 (5%), 139 (8%), 123 (7%), 109 (13%), 81 (10%), 67 (19%), 54 (5%), 41 (17%), 28 
(100%). e.e. (15 mg Еи(Ыс)з/ 5 mg 2a): >99%, only one enantiomer present. 
Diethyl (£)-2-(hept-r-enyl)-butanedioate (2b). 
The procedure described for 2a was used. From racemic ethyl (£)-4-hydroxy-non-2-enoate5 lb (72 
mg, 0.27 mmol), ester 2b (56%) was obtained pure as a colorless oil after Kugelrohr distillation. The 
Ή NMR and IR spectral data were identical with those described for 2a. 
C
r
Ethyl, C4-methyl (£,2S)-2-(liept-r-enyl)-biitanedioate (2c). 
The procedure described for 2a was used. Conversion of methyl (£,4S)-4-hydroxy-non-2-enoate5 lc 
(176 mg, 0.88 mmol) with (rimethyl orthoacetate (650 mg, 5.4 mmol) gave 126 mg of pure 2c (0.49 
mmol, 56%) as a colorless oil after Kugelrohr distillation (T= 125-150°C, p= 0.4-0.5 mm Hg) and 
chromatography (hexane/EtOAc 10:1). [a]D 2 0= +39.8 (c 0.4, MeOH); Ή NMR (400 MHz, CDCI3): 
δ 5.67-5.55 (m, IH, C=CH-C5H,,). 5.41 (dd. IH, 1= 15.4, 8.2 Hz, СН=С-С5НП), 4.15 (q, 2H, J= 7.0 
Hz, OCHj), 3.67 (s. ЗН, ОМе), 3.50-3.39 (m, IH, CH-C02Et), 2.83 and 2.51 (dd, 2H, J= 16.4. 9.2 
Hz and 16.4, 7.2 Hz, respectively, СН2С02Ме), 2.07-1.95 (m. 2H, CH2-C=C), 1.42-1.13 (m, 9Н, 
remaining protons), 0.88 (t, ЗН, J= 7.0 Hz, CHj); IR (CC14, cm1): 1735 (C=0); e.c. (15 mg Eu(hfcy 
5 mg 2c): >99%, only 1 enantiomer present. 
C,-Ethyl, C4-methyl (£)-2-(hept-l'-enyl)-butanedioate(2d). 
The procedure described for 2a was used. From racemic methyl (£)-4-hydroxy-non-2-enoates Id 
(142 mg, 0.71 mmol), 92 mg of pure racemic diester 2d (0.36 mmol, 51%) was obtained as a 
colorless oil after Kugelrohr distillation (T= 160 °C, p= 2-3 mm Hg) and chromatography (hexane/ 
EtOAc 10:1). The spectral data were identical with those described for 2c. 
Ethyl (£,2S)-2-(dodec-r-enyl)-butanedioatc (2c). 
The procedure described for 2a was used. Conversion of ethyl (£,4SJ-4-hydroxy-teiradec-2-enoate5 
le (257 mg, 0.95 mmol) with triethyl orthoacetate (7 eq) gave 161 mg of product 2« (0.48 mmol, 
50%) after chromatography (hexane/EtOAc 10:1). Ή NMR (100 MHz, CDC13): δ 5.67 (dd. IH, 
J=15.1. 6.0 Hz, C|oH2,-C=CH). 5.50-5.30 (m, IH, CI0H21-CH=C), 4.16 (q. 2H, J=7.1 Hz, OCJb). 
4.13 (q, 2H, J=7.1 Hz, OCHJ, 3.60-3.30 (m, IH. CH-COOEt), 2.83 and 2.49 (dd, 2H, J=16.6, 8.4 Hz 
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and 16.6, 6.0 Hz, respectively, CHjCOOEt), 2.15-1.80 (m, 2H. CHj-C=C), 1.45-1.10 (m, 22H. 
-(СШ . 2 CHj). 1.00-0.70 (m, 3H, CH,); IR (CC14, era 1 ): 1735 (C=0). 
C,-Ethyl, C4-methyl (£,2S)-2-styryl-butanedioate (2f). 
The procedure described for 2a was used. Conversion of 80 mg of methyl (2£,4S)-4-phenyl-4-
hydroxy-but-2-enoale6 If (0.39 mmol) with trimethyl orthoacetate (7 equi v.) gave 40 mg of pure 2f 
(0.15 mmol, 40%) after kugclrohr distillation (T= 100-150 °C, p= 0.7-0.9 mm Hg) and chromato­
graphy (hexane/EtOAc 10:1).XH NMR (400 MHz, CDC13): δ 7.41-7.15 (m, 5H, Ph), 6.55 (d, IH, J= 
16.5 Hz, C=CH-Ph), 6.19 (dd. IH, J= 16.5, 8.2 Hz, CH=C-Ph), 4.28-4.10 (m, 2H, OCHj). 3.69 (s, 
3H, OMe), 3.74-3.59 (m, IH, CH-C02Et), 2.95 and 2.64 (dd, 2H, J= 17.5, 8.2 Hz and 17.5, 6.2 Hz, 
respectively, CH2C02Me). 1.27 (t, 3H, J= 7.1 Hz, Me); IR (CC14, cm"1): 1735 (C=0). e.e. (25 mg 
Eu(hfc)3/5 mg 2f): ± 5%. 
C
r
Ethyl, C4-methyl (£)-2-styryl-buUnedioate (2g). 
The procedure described for 2a was used. Conversion of racemic methyl (2£,45)-4-phenyl-4-
hydroxy-but-2-enoate6 lg (200 mg, 0.97 mmol) with trimethyl orthoacetate (615 mg, 5.13 mmol) 
gave pure 2g (150 mg, 0.57 mmol, 59%) as a colorless oil after Kugelrohr distillation (T= 150-160 
°C, p= 1 mm Hg) and chromatography (hexane/ EtOAc 10:1). The spectral data were identical with 
those described for 2f. 
Methyl (£,45)-4-(fe/t-biityldimethylsiloxy)-hept-2-enoate (4a). 
Imidazole (3.774 g, 55.5 mmol, 2.5 equiv.) and ferr-bulyldimethylsilyl chloride (6.691 g, 44.4 mmol, 
2 equiv.) were added to a slirred solution of methyl (E,4S)-4-hydroxy-hepl-2-enoate5 3a (3.505 g, 
22.2 mmol) in /V./V-dimethylformamide (100 mL) under argon. A catalytic amount (10 mg) of 
4-dimethyIaminopyridinc (DMAP) was added. After stirring overnight, the reaction mixture was 
quenched with water (50 ml) and extracted with petroleum ether 60-80 (three limes), dried (MgS04) 
and concentrated in vacuo. The residue was purified by chromatography (petroleum ether 
60-80/EtOAc 20:1) giving 4.485 g (16.5 mmol, 74%) of silylether 4a. lH NMR (100 MHz, CDC13): 
δ 6.93 (dd, IH, J=15.4, 4.5 Hz. HC=C-C=0), 5.96 (dd, IH, J=15.4, 1.6 Hz, C=CH-C=0), 4.42-4.15 
(m, IH, HC-OSi), 3.72 (s, 3H, OMe), 1.65-1.05 (m, 4H, -CHjCHj-), 1.03-0.70 (m, 12 H, /Bu, CH,), 
0.03 and 0.01 (s, 3H, SiMe2); IR (CC14, cm 1): 1725 (C=0), 1640 (C=C), 1250 (C-Si). 
Methyl (£,4S)-4-(teri-butyldimethylsiloxy)-non-2-enoate (4b). 
The procedure described for 4a was used. Starting from 780 mg of methyl (£,4S>4-hydroxy-non-2-
enoate5 3b (4.2 mmol) gave, after chromatography (petroleum ether 60-80/EtOAc 20:1) silylether 4b 
(760 mg, 2.53 mmol. 60%). Ή NMR (100 MHz, CDC13): δ 6.93 (dd, IH, J=15.5, 6.6 Hz. 
HC=C-C=0), 5.96 (dd, IH, J=15.5, 1.6 Hz, C=CH-C=0), 4.40-4.15 (m, IH, HC-OSi), 3.72 (s, 3H, 
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OMe), 1.70-1.10 (m, 8H, -(СШ ), 1.05-0.73 (m, 12H, íBu, CHj), 0.04 and 0.02 (s, 3H, SiMe2); IR 
(CCI4. cm-1): 1720 (C=0), 1650 (C=C), 1250 (Si-C); MS (СГ): ra/e= 301 (M++l, 17%), 285 (23%), 
269 (-CH3OH, 54%), 244 (37%), 243 (100%), 229 (41%), 211 (54%), 169 (-iBuMe2SiOH, 22%), 89 
(38%), 75 (MejSiOH* 33%), 73 (37%). 
Ethyl (£^4S)-5-trityloxy-44terf-butyldimethylsiloxy)-pent-2-enoate (4c). 
The procedure described for 4a was used. From ethyl (£,45)-5-trityloxy-4-hydroxypent-2-enoate7 3c 
(1.25 g, 3.1 mmol), 1.69 g of 4c (3 mmol, 99%) was obtained after chromatography (petroleum ether 
60-80/EtOAc 5:1). Capillary GC showed out that the product contained ca. 14% of a contamination, 
this is most likely to be disiloxane, according to Ή NMR. Ή NMR (100 MHz, CDCI3): δ 7.55-7.15 
(m, 15Η, Τη), 6.99 (dd, IH, J=15.6, 4.3 Hz, НС=С-С=0), 6.02 (dd, IH, J=15.6, 1.7 Hz, 
C=CH-C=0), 4.50-4.30 (m, IH, HC-OSi), 4.17 (q, 2H, J=7.1 Hz, ОСН^СНз), 3.30-2.90 (m, 2H, 
CHjOTrt), 1.27 (t, 3H, J=7.1 Hz, ОСН2СНз), 0.89 (s, 9H, /Bu), 0.00 (s, 3H, SiMe2); IR (ССЦ.ст1): 
1720 (С=0), 1655 (С=С), 1250 (Si-C). 
Methyl (£,4,X,45)-4-(2',2'-dimethyl-[l'^']dìoxolan-4'-yl)-4-(tert-butyldJmethylsiloxy)but· 
2-enoate (4d). 
The procedure described for 4a was used. From methyl (E,4'R,4S)-4-(2',2'-dimethyl-[r,3']-
dioxolan-4'-yl)-4-hydroxybut-2-enoate8 3d (3.44 g, 15.8 mmol), 2.31 g of 4d (7.0 mmol, 43%) was 
obtained after chromatography (petroleum ether 60-80/ElOAc 15:1). Because of the moderate yield, 
the aqueous layer was extracted again with ether to give an additional amount of crude 4d (3.22 g). 
This fraction was not purified. ·Η NMR (100 MHz, CDCI3): δ 6.90 (dd, IH, J=15.7, 4.7 Hz, 
НС=С-С=0), 5.96 (dd, IH, J=15.7, 1.6 Hz, C=CH-C=0), 4.32-4.12 (m, IH, HC-OSi), 4.03-3.73 (m, 
3H, HC-OCMe2, Qh-OCMez), 3.65 (s, 3H, OMe), 1.33 (s, 3H, CMe2), 1.24 (s, 3H, CMe2), 0.82 (s, 
9H, /Bu), 0.02 and 0.00 (s, 3H, SiMej); IR (CC14, cm 1 ): 1720 (C=0), 1660 (C=C), 1250 (C-Si); MS 
(СГ): m/e= 331 (M++l, 4%), 315 (16%), 273 (18%), 257 (15%), 243 (16%), 215 (83%), 199 
(-tBuMejSiOH, 18%), 185 (12%), 157 (13%), 141 (19%), 109 (28%), 101 (100%). 
(E,4S)-4-<tórt-Butyldiinethylsiloxy)-hept-2-en-l-ol(5a). 
DibalH (stock solution IM, 33 mL) was added to a solution of ester 6a (4.49 g, 16.5 mmol) in ether 
(100 mL) at 0°C under argon. After 2 h the reaction was complete. The reaction mixture was 
quenched with Na2SO4.10H2O (5.8 g). This mixture was stirred for 1 h. After filtration of the 
insoluble salts, the filtrate was dried (MgS04) and concentrated in vacuo. Chromatography 
(petroleum ether 60-80/EtOAc 5:1) gave pure alcohol Sa (2.36 g, 9.7 mmol) in 60% yield. Ή NMR 
(100 MHz, CDCI3): δ 5.77-5.68 (m, 2H, CH=CH). 4.22-4.00 (m, ЗН, HC-OSi, CH^OH), 1.60-1.10 
(m, 5H, -CHjCHj-, -OH), 0.84 (m, 12H, »Bu, CH3), 0.02 and 0.00 (s, 3H, SiMe^; IR (CC14, cm 1 ) : 
3605, 3700-3100 (OH), 1250 (Si-C); MS (СГ): m/e= 245 (M++l, 2%), 227 (-H20, 34%), 201 
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(24%), 187 (57%), 169 (11%), 95 (-H20 -fBuM^SiOH. 32%), 75 (SiM^OIT, 100%), 73 (35%). 
(£,4A)-4-(tert-ButyMinM:thyls¡loxy)-non-2-en-l-ol(5b). 
The procedure described for 5a was used. From ester 4b (751 mg, 2.5 mmol), 531 mg of crude 
alcohol 5b (1.89 mmol, 75%) was obtained. According to GC and 'H-NMR, this was sufficiently 
pure for further use. Ή NMR (90 MHz, CDC13): δ 5.81-5.68 (m, 2H, CH=CH). 4.23-4.03 (m, ЗН, 
СН2ОН, HC-OSi), 1.66-1.16 (m, βΗ,-ίΟΗ^), 1.10-0.76 (m, 12H. íBu, CHj). 0.05 and 0.03 (s, 3H, 
SiMez); IR (ССЦ.ст1): 3610 (OH). 1250 (Si-C); MS (СГ): m/e= 273 (МЧ1, 0.4%), 255 (-H20, 
96%), 215 (96%), 201 (65%). 123 (-H20 -fBuMe^iOH, 65%). 81 (45%), 75 (SiMe2OH+. 100%), 73 
(47%). 
(£,4S)-5-Trityk)xy-4-(tert-butyldimethylsiloxy)-p€nt-2-en-l-ol(5c). 
The procedure described for 7a was used. Starting from ester 4c (1.69 g, 3.28 mmol) and DibalH (14 
inL) gave 1.006 g of alcohol 5c (2.12 mmol, 65%) after chromatography (petroleum ether 
60-80/EtOAc 4:1). 'H NMR (100 MHz, CDC13): δ 7.50-7.05 (m, 15H, Tri). 5.95-5.45 (m, 2H, 
СН=СЩ, 4.35-4.10 (m. IH, HC-OSi), 4.10-3.90 (m, 2H, CH^OH), 3.09 and 3.83 (dq, 2H, J=9.3, 6.3 
Hz and 9.6, 4.8 Hz, respectively, CHjOTrt), 1.49 (bs, IH, OH), 0.82 (s, 9H, iBu), 0.04 and 0.00 (s, 
3H. SiMe^; IR (CC14. cm'1): 3610 (OH), 1250 (Si-C); MS (CI+): no M++l; 443 (-MeOH, 0.01%). 
315 (0.15%), 271 (4%), 243 (100%). 201 (48%), 183 (5%). 167 (15%). 165 (26%), 157 (12%). 83 
(18%), 75 (SiMe2OH+, 35%). 
(E,45,4'K)-4-(2'^'-DimethyI-tl'^']dioxolan-4'-yl)-4-(tórt-butyldimethylsiloxy)-but-2-en-l-ol 
(5d). 
The procedure described for 5a was followed. Starting from ester 4d (353 mg, 1.07 mmol) and 
DibalH (5 mL) gave 239 mg of alcohol 5d (0.79 mmol, 74%) after chromatography (petroleum ether 
60-80/EtOAc 3:1). Ή NMR (100 MHz, CDC13): δ 6.00-5.45 (m, 2H, CH=CH), 4.20-3.70 (m. 6Н. 
СН2ОН, HC-OSi, НС-ОСМе2, СН2-ОСМе2). 1.78 (bs, IH, OH). 133 (s. ЗН, CMe2), 1.26 (s, ЗН, 
СМег), 0.81 (s, 9Н, rBu), 0.05 and 0.01 (s. ЗН, SiMe2); IR (СС14, cm1): 3610. 3600-3200 (ОН), 
1250 (Si-C); MS (СГ): m/e= no (M++l), 301 (M+-l, 0.1%), 287 (5%), 285 (-H20. 2%), 245 (5%), 
227 (10%), 201 (22%), 187 (25%). 171 (-/BuMe2SiOH, 12%), 143 (23%), 101 (100%), 75 
(SiMezOH*, 39%), 73 (30%). 
(E,4S)-4-(tert-Butyld¡iTiethyls¡loxy)-l-acetoxy-hept-2-ene(6a). 
Acetic anhydride (0.69 mL, 7.35 mmol) and a catalytic amount of 4-dimelhylamino pyridine 
(DMAP) were added to a solution of alcohol 5a (545 mg, 2.23 mmol) in pyridine (5 mL). After 
stirring overnight, ice was added and stirring was continued for 2h. Ether was added, and the 
aqueous layer was extracted three limes with ether. The combined organic layers were washed with 
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water and satd. NaHC03 , dried over MgS04 and concentrated in vacuo. Toluene was added to the 
residue and this mixture was concentrated in vacuo again to remove all of the pyridine. This gave 
630 mg of acetate 6a (2.20 mmol, 99%) which according to GC and 'H-NMR was sufficiently pure 
for further use. Ή NMR (100 MHz, CDClj): δ 5.58-5.45 (m, 2H, CH=CH), 4.50 (d. 2Н, J=4.5 Hz, 
C H 2 O A c ) . 4.20-3.90 (m, IH, HC-OSi). 2.02 (s, 3H, Ac), 1.60-1.05 (m, 4H, -CHjCHj), 1.00-0.70 
(m, 12H, rBu, CHj), 0.02 and 0.00 (s, 3H, SiMe2). 
(E,4S)-5-Trityloxy-4-(terf-butyIdimethyIsiloxy)-l-acetoxy-pent-2-ene(6c). 
The procedure described for 6a was followed. From alcohol 5c (480 mg, 1.0 mmol), 445 mg of 
acetate 6c (0.86 mmol, 86%) was obtained as a colorless oil which was sufficiently pure for further 
use.
 lH NMR (100 MHz, CDC13): δ 7.50-7.00 (m, 15H, Trt), 5.80-5.60 (m. 2H, CH=CH), 4.48 (d, 
2H, J=3.9 Hz, CHjOAc), 4.37-4.09 (m, IH, HC-OSi), 3.09 and 2.89 (dq, 2H, J=9.0, 6.3 Hz and 9.6, 
5.1 Hz, respectively, CHjOTrt). 2.00 (s, 3H, Ac), 0.83 (s, 9H, (Bu), 0.04 and 0.00 (s, 3H, SiMe2); IR 
(CCI4, cm 1 ) : 1740 (C=0); MS (СГ): no M++1. 439 (-QH^, 0.01%), 271 (2%), 257 (2%), 243 
(Ph3C+, 100%), 165 (30%), 127 (4%), 117 (9%), 75 (SiMe2OH+, 10%), 73 (13%). 
(£,45,4'/f)-4-(2'^'-Dimethyl-[l',3']dioxolan-4'-yl)-4-(tert-butyldimethylsiloxy)-l-acetoxy-
but-2-ene (6d). 
The procédure described for 6a was used. From alcohol 5d (436 mg, 1.44 mmol), 461 mg of acetate 
6d (1.34 mmol, 93%) was obtained, in an almost pure form. This was used, without further 
purification, in the next step. Ή NMR (100 MHz, CDCI3): δ 5.95-5.55 (m, 2Η, СН=СН). 4.49 (d, 
2Н, J=4.0 Hz, CHjOAc), 4.15-3.95 (m, IH, HC-OSi), 3.95-3.72 (m, 3H, HC-OCMe^ CHj-OCMcj), 
2.00 (s, 3H, Ac), 1.33 (s, 3H, CMeJ, 1.26 (s, 3H, CMcj), 0.82 (s, 9H, fBu), 0.04 and 0.00 (s, 6H, 
SiMez); IR (ССЦ, cm"1): 1740 (C=0); MS (СГ): m/e= no (M++1), 329 (6%), 287 (6%), 269 (6%), 
243 (12%), 213 (-rBuMe2SiOH. 9%), 197 (8%), 184 (33%), 169 (38%), 117 (39%), 101 (100%), 75 
(SiMe2OH\ 23%), 73 (22%). 
(£,4S)-l-Acetoxy-hept-2-en-4-ol (7a). 
Tetrabutylammonium fluoride (nBu4NF) (2.2 mL, IM in THF) was added to a stirred solution of 
silyl ether ба (630 mg 2.20 mmol) in THF (15 mL), under argon at 0°C. After 2.5 h another equiv. of 
nBu4NF was added and again 0.5 mL after 4.15 h. After stirring overnight at room temperature, the 
reaction was quenched with aqueous satd. NH4C1. Water was added, the layers were separated, and 
the aqueous layer was extracted with ether (three times). The combined organic layers were washed 
with water, dried (MgS04) and concentrated in vacuo. After chromatography (petroleum ether 
60-80/EtOAc 5:2), 304 mg of alcohol 7a (1.77 mmol, 80%) was obtained as a colorless oil. Ή NMR 
(100 MHz, CDCI3): δ 5.98-5.55 (m. 2Η, СН=СН), 4.55 (d, 2Н, J=4.5 Hz, CHjOAc), 4.30-3.98 (m, 
IH, HC-OH), 2.08 (s, 3H, Ac), 1.89 (bs, IH, OH), 1.70-1.10 (m, 4H, -CHjCHj), 1.05-0.80 (m, 3H, 
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-СНз); IR (CCI4, cm1): 3610, 3600-3100 (OH), 1735 (C=0); MS (СГ): m/e= no (M++l). 155 
(-H20, 22%), 129 (-CH3CHO, 3%), 113 (-CH3COOH, 9%), 95 (-H20 -CH3COOH, 22%), 71 (74%), 
69 (100%). 
(E,4S)-5-Trityloxy-l-acetoxy-pent-2-en-l-ol(7c). 
The procedure described for 7a was followed. Starting from silyl ether 6c (445 mg, 0.86 mmol) with 
nBu4NF (2 mL, IM in THF) gave 304 mg of alcohol 7c (0.76 mmol, 86%), after chromatography 
(petroleum ether 60-80/EtOAc 4:1). lH NMR (100 MHz, CDCI3): δ 7.60-7.20 (m, 15H, Trt), 
6.05-5.55 (m, 2H, CH=CH), 4.53 (d, 2Н, J=5.0 Hz, CHjOAc), 4.45-4.15 (m, IH, HC-OH), 3.35-2.97 
(m, 2H, CHjOTrt), 2.56 (d, IH, J=3.6 Hz, OH), 2.04 (s, 3H, Ac); IR (CCI4, cm 1 ) : 3580, 3600-3100 
(OH), 1735 (C=0); MS (СГ): no M++1, 325 (-C6H6, 0.3%), 295 (0.04%), 275 (0.08%), 271 (3%), 
243 (Ph3C+, 100%), 167 (16%), 165 (11%), 149 (5%). 
(£,4S,4'Ä)-4-(2'^'-Dimethyl-[l'^']dioxolan-4'-yl)-l-acetoxy-but-2-«n-4-ol(7d). 
The procedure described for 7a was followed. From silyl ether 6d (603 mg, 1.73 mmol) with 
nBu4NF (2.60 mL, IM in THF), 388 mg of alcohol 7d (1.69 mmol. 98%) was obtained, which was 
sufficiently pure for further use. ·Η NMR (100 MHz, CDCI3): δ 6.12-5.60 (m, 2Η, СН=СН), 4.59 (d, 
2Н, J=4.4 Hz, СН2ОАс), 4.40-3.23 (m, IH, HC-OH), 4.20-3.83 (m, 3H, HC-OCMej, CH^-OCMej), 
2.37 (bs, IH, OH). 2.08 (s, 3H, Ac), 1.45 (d, 3H, CMe2), 1.37 (s, 3H, CMe2); IR (CC14, cm 1 ) : 3580, 
3600-3100 (OH), 1740 (C=0); MS (СГ): m/e= 231 (M++l, 0.1%), 215 (12%), 173 (-CH3COOH, 
2%), 155 (-CH3COOH -H 20,2%), 101 (100%), 67 (15%), 43 (CH3CO+, 48%). 
Methyl (£,3S)-3-acetoxymethyl-oct-4-enoate (8a). 
A catalytic amount of propionic acid was added to a mixture of allylic alcohol 7a (304 mg, 1.77 
mmol) and trimethyl orthoacetate (1.57 ml, 12.4 mmol, 7 equiv). This mixture was heated under 
reflux at 140°C. The reaction was monitored by GC-analysis. After 16 h the reaction was complete 
and the reaction mixture was then allowed to cool to room temperature. Water and ether were added 
and the aqueous layer was extracted with ether (three times). The combined organic layers were 
dried (MgS04) and concentrated in vacuo, to give ester 8a (229 mg, 1.0 mmol, 57%) as a colorless 
oil after chromatography (petroleum ether 60-80/EtOAc 7:1). ]H NMR (100 MHz, CDCI3): δ 
5.82-5.10 (m, 2H, CH=CH). 4.10 and 3.94 (dq, 2H, J=11.0, 6.0 Hz and 11.0, 6.9 Hz, respectively, 
CH2OAc), 3.65 (s, 3H, OMe), 3.10-2.70 (m, IH, CH-C=C), 2.49 and 2.30 (dq, 2H, J=15.1, 6.0 Hz 
and 15.1. 8.4 Hz, respectively. CH2COOMe), 2.05 (s, 3H, Ac), 2.10-1.80 (m, 2H, CH2-C=C), 
1.60-1.10 (m, 2H, C H J C H J ) , 0.88 (t, 3H, J=6.9 Hz, CH,); IR (CC14, cm 1 ) : 1740 (C=0), 970 (C=C, 
trans); MS (СГ): m/e= 229 (M++l, 4%), 197 (-MeOH, 2%), 185 (-HCOCH3, 1%), 169 (-CH3COOH, 
33%), 168 (58%), 155 (28%). 137 (-CH3OH -CH3COOH, 33%), 109 (48%), 108 (93%), 95 
(-CH3COOCH3 -CH3COOH, 100%), 94 (47%), 93 (30%), 81 (24%), 79 (30%), 67 (30%). 
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Methyl (E,35)-6-trityloxy-3-acetoxymethyl-hex-4-enoate (8c). 
The procedure described for 8a was followed. From 158 mg of allylic alcohol 7c (0.39 mmol), 96 mg 
of ester 8c (0.21 mmol, 54%) was obtained as a colorless oil after chromatography (petroleum ether 
60-80/EtOAc 5:1). lH NMR (100 MHz, CDC13): δ 7.60-7.08 (ra, 15H, Trt), 5.88-5.48 (m, 2H, 
CH=CH, trans alkene coupling J=15.0 Hz), 4.18 and 3.98 (dq , 2H, .1=10.5, 6.0 Hz and 10.5, 6.6 Hz, 
respectively, CHjOAc), 3.67 (s, 3H, OMe), 3.57 (d, 2H, J=2.7 Hz, CHzOTrt), 3.18-2.79 (m, IH, 
CH-C=C-). 2.53 and 2.37 (dq, 2H, J=15.0, 6.0 Hz and 15.0, 7.8 Hz, respectively, CH2COOMe), 2.05 
(s, 3H, Ac); IR (CC14, cm 1 ) : 1740 (C=0), 970 (C=C trans); MS (CI+): no M++l, m/e= 399 
(-CH3COOH, 0.01%), 271 (9%), 257 (3%), 245 (12%), 244 (68%), 243 (Ph3C+, 100%), 199 (11%), 
167 (21%), 165 (17%), 139 (7%), 107 (12%), 105 (19%), 79 (15%); exact mass caled. Ь г С 2 7 Н 2 7 0 з 
(M-+1 - С 2 Н 4 0 2 ) 399.1960, found 399.1961 ±0.0012. 





The procedure described for 10a was followed. Conversion of allylic alcohol 7d (99 mg, 0.43 mmol) 
at 140°C gave pure 8d (56 mg, 0.20 mmol, 47%) as an oil and 9d (33 mg, 0.16 mmol, 37%) as a 
colorless oil after chromatography (petroleum ether 60-80/EtOAc 3:1). 
Ester 8d: Ή NMR (100 MHz, CDCI3): δ 5.72 and 5.55 (dd, 2H, J=15.0, 7.1 Hz and 15.0, 6.4 Hz, 
respectively, CH=CH). 4.65-3.32 (m, IH, НС-ОСМег), 4.30-3.83 (m, 4Н, СН2-ОСМе2, СНрАс), 
3.67 (s, ЗН, ОМе), 3.20-2.75 (m, IH, СН-С=С), 2.52 and 2.33 (dq, 2Н, J=16.0, 6.5 Hz and 16.0, 7.9 
Hz, respectively, CH^COOMe), 2.05 (s, ЗН, Ac), 1.42 (s, ЗН, CMe2), 1.38 (s, ЗН, СМе2); IR (СС14, 
cm"
1): 1740 (С=0), 970 (С=С, trans); MS (CI+): m/e= 287 (M++l, 1%), 271 (27%), 229 (17%), 211 
(10%), 197 (14%), 169 (51%), 151 (37%), 101 (30%), 91 (38%), 72 (95%), 49 (34%), 43 (CH3CO+, 
100%); exact mass caled, for C 1 4 H 2 2 0 6 (M+) 286.1416, found 286.1415 ± 0.0011. 
lactone 9d: [a]^ +14.6 (CHCI3, с 0.66); lH NMR (100 MHz, CDCI3): δ 5.80 (dd, IH, J=15.1, 6.9 
Hz, CH=C), 5.60 (dd, IH, J=15.1, 6.0 Hz, CH=C), 4.65-3.32 and 4.25-3.90 (m, 4H, CBjCOO, 
CH2-OCMe2), 3.58 (t, IH, J=7.8 Hz, HC-OCMe^, 3.48-3.02 (m, IH, CH-C=C-), 2.70 and 2.38 (dq, 
2H, J=17.3, 8.2 Hz and 17.3, 9.3 Hz, respectively, CH2C=0), 1.43 (s, 3H, CMe2), 1.39 (s, 3H, 
СМег); IR (CC14, cm"1): 1790 (lactone), 970 (C=C, trans); MS (СГ): m/e= 213 (M++l, 3%), 197 
(58%), 155 (67%), 137 (36%), 109 (27%), 101 (10%), 97 (12%), 95 (20%), 72 (100%); exact mass 
caled. f o r C
u
H 1 7 0 4 (M++l) 213.11268, found 213.11232 ±0.00061. 
(£,45)-4-(Pent- l'-enyl)-dihydro-furan-2-one (9a). 
Potassium carbonate (K2C03) (80 mg, 0.58 mmol was added to a solution of ester 8a (100 mg, 0.44 
mmol) in MeOH (5 mL). The reaction was monitored by TLC and GC. After stirring overnight, the 
reaction mixture was concentrated in vacuo and water was added. This mixture was extracted with 
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ether (three times). The combined organic layers were dried (MgS04) and concentrated in vacuo to 
give a mixture of desired lactone 9a and the corresponding hydroxyester after chromatography 
(petroleum ether 60-80/EtOAc 7:1). 
This mixture was dissolved in benzene and then treated with a catalytic amount of p-toluenesulfonic 
acid. The reaction was monitored by TLC. After stirring overnight, the reaction was complete and 
satd. NaHC03 was added. The aqueous layer was extracted with ether (three times), dried (MgS04) 
and concentrated in vacuo to give 41 mg of lactone 9a (0.27 mmol, 27%) as a colorless oil after 
chromatography (petroleum ether 60-80/EtOAc 4:1). [a]D 2 5= +1.7 (c 0.79, CHC13); [ H NMR (400 
MHz, CDCI3): δ 5.64-5.54 (m, IH, Pr-CH=C), 5.36 (dd, IH, J=15.3, 7.8 Hz, Pr-C=CH), 4.41 and 
3.97 (dd, 2H, J=8.0, 8.8 Hz, and 8.4, 8.4 Hz, respectively, CH2OC=0), 3.24-3.11 (m, IH, CH-C=C-), 
2.64 and 2.34 (dq, 2H, J=17.3, 8.3 Hz and 17.3, 9.3 Hz, respectively, CH2COO-), 2.05-1.95 (m, 2H, 
CH2C=C), 1.50-1.20 (m, 2H, CH3CH2), 0.89 (t, 3H, J=6.8 Hz, CH3); IR (CC14, cm 1 ) : 1780 
(lactone), 965 (CH=CH, trans); MS (СГ): m/e= 155 (M++l, 70%), 137 (-H20, 24%), 129 (3%), 113 
(21%), 109 (19%), 96 (100%), 95 (-CH3COOH, 84%), 81 (36%); exact mass caled, for Ο,Η 1 5 0 2 
(M++l) 155.10720, found 155.10699 ±0.00046. 
Methyl (3ÄS,4S)-4-(teri-butyldimethylsiloxy)-3-vinyl-heptanoate (10a). 
A catalytic amount (100 μι) of propionic acid was added to a mixture of 5a (500 mg, 2.05 mmol) 
and trimethyl orthoacetate (1.82 ml, 14.35 mmol, 7eq). This mixture was heated under reflux at 
140°C. The reaction was monitored by GC-analysis. After 16 h the reaction was complete and the 
reaction mixture was allowed to cool to room temperature. Water and ether were added and the 
aqueous layer was extracted with ether (three times). The combined organic layers were dried 
(MgS04) and concentrated in vacuo, giving 451 mg of crude 10a (1.5 mmol, 73%) which was 
immediately used in the next step. GC-analysis showed the presence of two diastereomers in a ratio 
of 1.58:1. Ή NMR (100 MHz, CDCI3): δ 5.95-5.50 (m, IH, CH2=CH), 5.15-5.02 (m, IH, CJJb^H), 
5.00-4.87 (m, IH, CH^CH), 3.60 (s, ЗН, OMe), 3.70-3.48 (m, IH, HC-OSi), 2.78-2.52 (m, IH, 
HC-C=C), 2.50-2.05 (m, 2H, CH2COOMe), 1.50-1.05 (m, 4H, -CH^CH;,-), 0.85 (s, 9H, fBu), 
0.98-0.70 (m, ЗН, CH3), 0.00 (s, 6H, SiMe2 + shoulder). 
Methyl (3ÄS,4Ä)-4-(tert-butyldimethyIaloxy)-3-vinyl-nonanoate (10b). 
The procedure described for 10a was followed. Treatment of allylic alcohol 5b (431 mg, 1.58 mmol) 
gave 314 mg of crude ester 10b. GC-analysis showed the presence of two diastereomers in a ratio of 
1.59:1. After chromatography (petroleum ether 60-80/EtOAc 15:1), two fractions were obtained 
which, according to GC contained both diastereomers in different ratios. (1: 47 mg, GC ratio: 6.25:1, 
2: 174 mg, GC ratio: 1.29:1). Both fractions gave almost identical NMR spectra. Ή NMR (100 
MHz, CDCI3): δ 5.92-5.49 (m, IH, H2C=CH). 5.15-4.85 (m, 2H, CH2=CH), 3.60 (s, ЗН, OMe), 
3.70-3.45 (m, IH, HC-OSi), 2.80-2.50 (m, IH, CH-C=C), 2.50-2.05 (m, 2H, CHjCOOMe), 
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1.60-1.05 (m, 8H. -(СН2)4-), 1.00-0.68 (m, ЗН, -CHj), 0.85 (s, 9Н, íBu), 0.00 (s, 6Н, SiMe^; MS 
(GC MS (CI+)): (fraction 1): two products with the same mass and fragmentation pattern: m/e= 329 
(M++l, 0.1%), 327 (1%), 313 (6%), 297 (-MeOH, 6%), 271 (100%), 257 (8%), 239 (6%), 215 (81%), 
197 (-tBuMe2SiOH, 10%), 171 (43%), 89 (36%), 73 (79%); exact mass caled, for C18H35O3SÍ 
(MM) 327.2355, found 327.2357 ± 0.00096. 
Methyl (3/tS,4S)-5-trityloxy-4-(tert-butyldiniethylsiloxy)-3-vinyl-pentanoate (10c). 
The procedure described for 10a was used. Treatment of allylic alcohol 5c (333 mg, 0.70 mmol) with 
trimethyl orthoacetale at 180 °C gave 10c (221 mg, 0.42 mmol, 60%) after chromatography 
(petroleum ether 60-80/EtOAc 7:1). GC-analysis of both the crude and the purified product showed 
the presence of two diastereomers in the ratio of 1.25:1. Ή NMR (100 MHz, CDCI3): δ 7.65-7.10 
(m, 15Η, Tri), 5.93-4.43 (m, IH, CH2=CH), 5.69-4.90 (m, 2H, CH2=CH), 3.90-3.60 (m, IH, 
HC-OSi), 3.67 and 3.85 (s, 3H, OMe), 3.20-2.80 (m, 3H, HC-C=C, CHiOTrt), 2.53-2.33 (m, 2H, 
CH2COOMe), 0.83 (s, 9H, fBu), 0.00 (s, 6H, SiMe^); IR (CCI4, cm 1 ) : 1740 (C=0), 1250 (C-Si). MS 
(СГ): no M++l, m/e= 271 (-TrtOH, 24%), 257 (31%), 244 (60%), 243 (Trt+, 100%), 167 (23%), 165 
(43%), 75 (22%), 73 (35%), 43 (22%); exact mass caled, for C2 9H3304Si ((M++l) -C 4HW) 473.2148, 
found 473.2149 ±0.0015. 
Methyl (3AS,l'S,4"/î)-3-[l'-tert-butyldiniethylsiloxy-l'-(2"t2"-dimethyl-[l"^"]-dioxolan-
4"-yl)methyl]pent-4-enoate (lOd). 
The procedure described for 10a was followed, treatment of 5d (121 mg, 0.40 mmol) at 140 °C with 
trimethyl orthoacetate gave 76 mg of lOd (0.21 mmol, 53%) after chromatography (petroleum ether 
60-80/EtOAc 10:1). Both diastereomers appeared as a single absorption in the GC and could not be 
separated by chromatography. lH NMR (100 MHz, CDCI3): δ 5.95-5.50 (m, IH, CH2=CH), 
5.15-5.02 (m, IH, C H ^ H ) , 5.00-4.85 (m, IH, C H ^ H ) , 4.07-3.60 (m, 4H, CHj-OCMe* 
HC-OCMe2, HC-OSi), 3.56 (s, ЗН, OMe), 2.95-2.60 (m, IH, HC-C=C), 2.60-2.05 (m, 2H, 
СЫгСООМс), 1.30 (s, IH, CMe^, 1.21 (s, 3H, CMe2), 0.80 (s, 9H, /Bu), 0.00 (s, 6H, SiMe2); IR 
(CCI4. cm 1 ) : 1735 (C=0), 1250 (Si-C); MS (CI+): m/e= 359 (M++l, 0.03%), 343 (16%), 327 
(-MeOH, 11%), 301 (26%), 283 (-H20, 15%), 269 (6%), 257 (64%), 245 (47%), 243 (100%), 227 
(-fBuMe^iOH, 16%), 187 (31%), 183 (47%). 169 (34%), 137 (27%), 101 (20%), 89 (43%), 75 
(Me2SiOH+, 48%), 73 (95%). 
(4S4S)-5-I*ropyl-4-vinyl-dihydro-furan-2-one «пии-lla) and (4Ä,5S)-5-propyl-4-vinyl-
dihydro-ftiran-2-one (ciî-lla). 
Tetrabutylammonium fluoride (nBu4NF) (1.5 mL, IM in THF) was added to a stirred solution of lOa 
(451 mg, 1.5 mmol) in THF (15 mL) at 0°C under argon. After 2.45 h again 2 mL nBu4NF was 
added and after 4 h 15 min, further 2 mL were added. After stirring overnight at room temperature. 
Chapter 5 103 
the reaction mixture was quenched with aqeous satd. NH4C1. The aqueous layer was extracted with 
ether (three times). The combined organic layers were washed with water, dried (MgS04) and 
concentrated in vacuo. The crude product was purified by chromatography (petroleum ether 
60-80/EtOAc 5:1) to give 94 mg (0.61 mmol, 41%) of lactone frans-lla and lactone cis-Ил in two 
fractions. Fraction 1: 40 mg, pure trans-Ия; fraction 2: 54 mg, cis-lla, contaminated with 9% 
trans-lía) as yellowish oils. 
TransAU: [a]D25= -59.9 (CHC13, c= 0.64); ·Η NMR (400 MHz, CDC13): δ 5.77-5.68 (m, IH, 
CH2=CH), 5.21-5.15 (m, 2Н, С Н ^ Н ) , 4.18-4.13 (m, IH, J45= 8.40 Hz, determined by irradiation 
on proton signals of propyl chain, CH-Pr), 2.83-2.72 (m, IH, CH-C=C), 2.69 and 2.45 (dq, 2H, 
J=17.2, 8.4 Hz and 17.2, 10.4 Hz, respectively, CHjCOOMe), 1.75-1.24 (m, 4H, -CHjCHj-), 0.95 (t, 
3H, СНз); IR (CC14, cm"1): 1780 (lactone); MS (CI+): m/e= 155 (M++l, 43%), 137 (-H20, 24%), 127 
(-ethene, 3%), 113 (13%), 111 (-C02, 28%), 109 (33%), 95 (-CH3COOH, 100%), 82 (86%), 71 
(91%); exact mass caled, for ^ 1 5 0 2 (MM) 155.10720, found 155.10715 ± 0.00046. 
Cü-Jla: Ή NMR (400 MHz, CDCI3): δ 5.78 (ddd, IH, J=16.99, 10.30, 8.66 Hz, CH2=CH). 
5.21-5.13 (m, 2H, CH2=CH), 4.55^.49 (m, IH, J45= 6.37 Hz, determined by irradiation on proton 
signals of propyl chain, CH-Pr), 3.20-3.12 (m, IH, HC-C=C), 2.70 and 2.45 (dq, 2H, J=17.4, 8.0 Hz 
and 17.4, 5.6 Hz, respectively, CH2COOMe), 1.75-1.34 (m, 4H, -CH2CH2-), 0.95 (t, 3H, J=7.0 Hz, 
CH3); IR (CC14, cm'1): 1775 (lactone); MS (CI+): m/e= 155 (M++l, 95%), 137 (-H20, 27%), 127 
(-ethene, 2%), 109 (36%), 95 (-CH3COOH, 100%), 82 (73%), 71 (70%); exact mass caled, for 
С<,Н1502 (M++l) 155.10720, found 155.10699 ±0.00046. 
(4fl,5R)-5-Pentyl-4-vinyl-dihydro-furan-2-one (trans-lib) and (4S,5R)-5-pentyl-4-vinyl-
dihydro-furan-2-one (cis-llb). 
The procedure described for 11a was followed. From 174 mg of silyl ether 10b (0.53 mmol) with 
nBu4NF (1 mL) at 0°C, 85 mg of lactone trans-lib and lactone cis-llb (0.40 mmol, 88%) were 
obtained in two fractions after chromatography (petroleum ether 60-80/EtOAc 5:1). Fraction 1: 30 
mg of pure trans-lib, fraction 2: 55 mg of cis-lib, contaminated with 12% ot~ trans-lib. 
Trans-lib: [cc]25= +45.3 (CHCI3, с 0.27); ]H NMR (400 MHz, CDCI3): δ 5.77-5.68 (m, IH, 
CH2=CH). 5.20-5.15 (m, 2Н, СН^СН), 4.17-4.12 (m, IH, J45= 8.3 Hz, determined by irradiation on 
proton signals of the pentyl chain, CH-pent), 2.83-2.73 (m, IH, HC-C=C), 2.69 and 2.45 (dq, 2H, 
J=17.1, 8.4 Hz and 17.1, 10.4 Hz, respectively, CH2COOMe), 1.73-1.26 (m, 8H, -(CH2)4-), 0.89 (t, 
3H, J=6.6 Hz, CH3); IR (CC14, cm1): 1785 (lactone); MS (CI+): m/e= 183 (M++l, 6%), 165 (-H20, 
2%), 147 (-2 H 20, 1%). 123 (-CH3COOH, 11%), 99 (32%), 82 (38%); exact mass caled, for 
C
n
H 1 9 0 2 (M++l) 183.13850, found 183.13842 ±0.00036. 
Cis-llb: ·Η NMR (400 MHz, CDCI3): δ 5.76 (ddd, IH, J=17.0, 10.3, 8.9 Hz, CH2=CH), 5.21-5.14 
(m, 2H, CH^^H), 4.53-4.48 (m, IH, J45= 6.4 Hz, determined by irradiation on proton signals of the 
pentyl chain, CH-pent), 3.19-3.13 (m, IH, HC-C=C), 2.71 and 2.46 (dq, 2H, J=17.3, 8.0 Hz and 17.3, 
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5.6 Hz, respectively. CH2COOMe). 1.75-1.25 (га, 8Н. -(СН2)4-), 0.89 (t. ЗН, J=6.4 Hz, СН,); IR 
(CCI4. cm"1): 1785 (lactone); MS (СГ): m/e= 183 (M++l, 31%). 165 (-H20, 6%), 147 (-2 H 2 0, 2%), 
123 (-CH3COOH, 29%), 99 (31%), 82 (35%), 54 (100%); exact mass caled, for C
u
H 1 9 0 2 (M++l) 
183.13850, found 183.13824 ±0.00054. 
(4R5^5)-5-TrityloxymethyN4-vinyl-dihydro-furan-2-one (1 lc). 
The procedure described for 11a was followed. From silyl ether 10c (206 mg, 0.39 mmol) and 
nBu4NF (0.78 mL), 78 mg of l i e (0.20 mmol, 52%) was obtained as a mixture of diastercomers 
after chromatography (petroleum ether 60-80/EtOAc 4:1). lH NMR (400 MHz, CDCI3): 7.50-7.20 
(m, 15H, Trt), 5.70-5.57 (m, IH, CH2=CH), 5.07-4.93 (m, 2H, CH2=CH), 4.59^1.55 and 4.29-4.25 
(m, IH, HC-OC=0 cis lactone and trans lactone, respectively), 3.54-3.47 (m, IH, CH^OTrt), 
3.31-3.47 and 3.11-3.03 (m, IH, HC-C=C, cis and treni), 3.18-3.14 and 3.04-3.00 (m, IH, 
CH2OTrt), 2.82, 2.63 and 2.44 (3 dd, 2H, J=17.2, 9.6 Hz, J= 17.6, 9.2 Hz and J=17.2, 8.8 Hz, 
respectively, CH2COO); IR (CC14, cm 1 ) : 1780 (lactone); MS (СГ): m/e= 385 (M++l, 2%), 307 
(-C6H6, 9%), 271 (4%), 259 (4%), 258 (6%), 243 (Ph3C+, 97%), 238 (8%), 211 (3%), 183 (5%), 167 
(7%), 153 (14%), 125 (4%), 105 (7%), 49 (100%). exact mass caled, for C 2 6 H 2 4 0 3 (M++l) 384.1725, 
found 384.172410.0011. 
(4ÄS^S,4'Ä)-5-(2'>2'-Dimethyl-[l'^']dioxolan-4'-yl).4-vinyl-dihydro-furan-2-one(lld). 
The procedure described for H a was followed. From 134 mg of silyl ether lOd (0.37 mmol) with 
nBu4NF (0.6 mL), 75 mg of a mixture of cis- and trans lactones lOd (0.35 mmol, 95%) was obtained 
as an oil without chromatography in an almost pure form (94% on GC). Both diastereomers appeared 
as one absorption in the GC. Ή NMR (400 MHz, CDCI3): δ 5.97-5.84 (m, IH, CH^CH). 5.30-5.15 
(m, 2H, CH2=CH), 4.39 (dd, IH, J=8.2, J 4 5 = 6.2 Hz, determined by irradiation on H4, HC-OC=0 of 
cis lactone), 4.22-4.08 (m, 3H, HC-OC=0 of trans lactone, CH^O), 3.96-3.89 (m, IH, HC-OCMe2), 
3.34-3.24 (m, IH, HC-C=C of cis lactone, determined by irradiation), 3.17-3.07 (m, IH, HC-C=C of 
trans lactone), 2.82-2.71 (m, IH, 0 ^ = 0 ) , 2.56-2.43 (m, IH, C H ^ C ^ ) , 1.44 and 1.53 (2 s, 3H, 
CMe2), 1.36 and 1.34 (2 s, 3H, CMe2); according to the NMR spectrum the cis/trans ratio is 1.5:1; 
IR (CC14, cm"1): 1785 (lactone); MS (СГ): m/e= 213 (M++l, 31%), 197 (66%), 155 (15%), 137 
(18%), 104 (15%), 101 (100%); exact mass caled, for С
и
Н 1 7 0 4 (M++l) 213.11268, found 
213.11273100041. 
5.6 References and notes. 
1. For a review see: (a) Hill, R.K. "Asymmetric Synthesis", Morrison, J.D. ed.. Academic Press, 
Orland 1984, vol. 3, pp 503-572. (b) Ziegler, F.E. Chem. Rev. 1988,88,1423-1452. 
2. (a) Hill, R.K.; Soman, R.; Sawada, S. J. Org. Chem. 1972, 37, 3737. (b) Johnson, W.S., 
Chapter 5 105 
Werthemann, L.; Bartlett, W.R.; Brocksom, T.J.. (c) Li, T.; Faulkner, D.J.; Petersen, M.R., J. 
Am. Chem. Soc. 1970, 92,741. 
3. (a) Fujimoto, Y.; Kimura, M.; Terasawa, T.; Tetrahedron Lett. 1984, 25, 1805. (b) Jones, 
P.S.; Ley, S.V.; Simpkins, N.S.; Whittle, A.J. Tetrahedron 1986, 42, 6519. (c) Oehrlein, R.; 
Jeschke, R.; Ernst, В.; Bellus, D. Tetrahedron Lett. 1989, 30, 3517. (d) Haynes, R.K.; 
Schober, P.A.; Binns, M.R. Aust. J. Chem. 1987, 40, 1223. (e) Mandai, T.; Hasegawa, S.; 
Fujimoto, T.; Kawada, M.; Nokami, J.; Tsuji, J. Synlett. 1990, 85. (0 Lehman de Gaeta, L.S.; 
Czamiecke, M. J. Org. Chem. 1989, 54, 4004. (g) Blaney, W.M.; Simmonds, M.S.J.; Ley, 
S.V.; Jones, P.S. Entomol. exp. appi 1988,46, 267. 
4. a). Kametani, T.; Suzuki, T.; Nishimura, M; Sato, E.; Unno, К. Heterocycles 1982,19, 205; 
b). Hatakeyama, S.; Saijo, K.; Takano, S. Tetrahedron Lett. 1985, 26, 865. 
5. Thijs, L.; Dommerholt, F.J.; Leemhuis, F.M.C.; Zwanenburg, В. Tetrahedron Lett. 1990, 31, 
6589; Chapter 2 of this thesis. 
6. Thijs, L.; Porskamp, J.J.M.; van Loon, A.A.W.M.; Derks, M.P.W.; Fecnslra, R.W.; Legters, 
J.; Zwanenburg, В. Tetrahedron 1990,46, 2611. 
7. Ethyl (2£,4,S)-3-(2',2'-dimcthyl-tr,3']dioxolan-4'-yl)-pent-2-cnoate was kindly provided by 
Mr. M.P.M. van Aar. This compound was treated with 80% acetic acid to remove the 
protecting group and the primary alcohol function was then protected with trilyl chloride in 
pyridine to give ethyl (2E,4S)-5-trityloxy-4-hydroxy-pent-2-enoate 5c. 
8. Methyl (2£,45,4'S)-4-(2',2,-dimethyl-[r,3,]dioxolan-4,-yl)-4-hydroxy-but-2-enoate 3d was 
kindly provided by Mr. H. Regeling; Regeling, H.; Chittenden, G.J.F. Reel. Trav. Chim. 
Pays-Bas 1989,108, 330. 
9. This compound was prepared in the same manner as the optically active lactone. 
10. Chiral column: FS-Lipodex B, for α-substituted butyrolactones. 
11. Kahn, S.D.; Hehre, W.J. J. Org. Chem. 1988,53,301. 
12. This is known to be a stable conformation of 3-buten-l-ol. See: (a) Smith, Z.; Carballo, N.; 
Wilson, E.B.; Marstokk, K.-M.; M0llendal, J. J. Am. Chem. Soc. 1985,107, 1951. (b) Kahn, 
S.D.; Hehre, W.J. Tetrahedron Lett. 1985, 26, 3647. 
13. Kunz, T.; Janowitz, Α.; Reißig, H.-U. Chem. Ber. 1989, 122, 2165; Kosugi, H.; Tagami, K.; 
Takahashi, Α.; Kanna, Η.; Uda, Η. J. Chem. Soc. Perkin Trans 11989,935. 
14. Lindermann, R.J.; McKenzy, J.R. Tetrahedron Lett. 1988, 29, 3911; Mandel'shtan, T.V.; 
Koloseva, S.V.; Polina, T.V.; Solomentsev, V.V.; Osmolovskaya, N.S. J. Org. Chem. USSR 
(Engl Transi.) 1980,16, 1024; Byslrom, S.; Hogbcrg, H.E.; Norm, T. Tetrahedron 1981, 37, 
2249. 
15. Heathcock, C.H.; Young, S.D.; Hagcn, J.P.; Pirrang, M.C.; White, CT.; Van Derveer, D. J. 
Org. Chem. 1980, 45, 3846; Padwa, Α.; Brookhardt, T.; Dehm, D.; Wubbets, G.J. J. Am. 




This thesis deals with the stereoselective synthesis of Y-hydroxy-ct,ß-unsaturated esters and 
their application to the synthesis of optically active macrocyclic and γ-lactones. 
In Chapter 1 a brief overview of the literature is given of the synthesis and reactions of 
y-hydroxy-a,ß-unsaturaled esters. 
In the second Chapter attention is given to the photoinduced rearrangement of α,β-epoxy 
diazomethyl ketones in an alcoholic solvent as an attractive entry to these Y-hydroxy-a,ß-unsaturated 
esters in an enantiomerically pure form. The required epoxy diazomethyl ketones are obtained by a 
Sharpless oxidation of an appropriate allylic alcohol to an enantiopure epoxy alcohol, followed by 
ruthenium tctraoxide oxidation to an oxiranecarboxylic acid, conversion into a mixed anhydride, and 
treatment with diazomelhane. The sequence of reactions for the synthesis of these diazo compounds 
is depicted in Scheme 1. 
Ο μ ° н 
c u i a I \ * 1 · Swem oxid. a I \ .·.* _,, 
0 H Sharpless \ / χ . Ο Η 2. № C ( 0 2 R v / X ,OH 
ЗП . . / epoxidation .,/ or Ru04 . 
Η " О 
О 
1.СЮ02іВи R. 'J V H 
2. CH2=N2 J Tí I 
Scheme 1 
Irradiation of trans substituted epoxy diazomethyl ketones results in (£)-Y-hydroxy-
α,β-unsaturated esters through an intermediate epoxy ketene. Invariably, however, these f£)-alkene 
esters are accompanied by a small amount of fZJ-alkene ester (Scheme 2). 
108 Summary 
The enantiomeric purity of the (£)-y-hydroxy-a,ß-unsaturated esters thus obtained amounts 
to ca. 90% and is in fact entirely dependent on the stereoselectivity of the Sharpless epoxidation. 
/ S "' E,OH / 
о 
H ^ = ^ ^ O E i 
Scheme 2 
In Chapter 3 the stereospecific total synthesis of the naturally occurring macrolide patulolide 
С as well as its iso, nor, and homo analogs is described by applying the phoioinduced rearrangement 
of enantiomerically pure epoxy diazomethyl ketones to γ-hydroxy-a.ß-unsaturated esters as the key 
step (Scheme 3 & 4). 
Macrolide (Z)-isopatulolide C, which is a geometrical isomer of (£)-patulolide C, turned out 
to be a diastereomer of natural macrolide isopatulolide C, which implies the 4R,l\R configuration 
for this natural material. X-ray diffraction analyses of patulolide С and norpatulolide С showed that 
there is a considerable difference in spatial arrangement; particularly, the different torsion angles 
between the carbonyl and olefinic bonds are noteworthy. The conformational behavior of these 
macrolides is also deduced from the NMR and UV spectra. 
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Reaction conditions Chemical yield (%) 
n=2 n=3 n=4 
a BuLI, HMPA, THF 
b BnBr, (nBu)4NI. THF 
с p-TosOH, MeOH 
d Et3N, (COCI)2, DMSO, CH 2 CI 2 
a (EtO)2P(0)CH2COOEt, LiCI, iPr2NEt, CH 3 CN 
f DibalH, E t 2 0 
g Ti(OiPr)4. L(+)-DET, IBuOOH, C H 2 C I 2 
h tBuMe2StCI, imidazole, DM F 
1 Н2/Р0УС, EtOH 
J A c 2 0 , pyridine, DMA Ρ 
к (nBu)4NF, THF 
1 RuCI 3 .H 2 0, N a l 0 4 , CH3CN, CCI 4 H 2 0 
m CICOOiBu, Et3N. THF 
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(CH2)n 
l4OSiMe2tBu 





n=2 (£)-norpatulolide С 
n=3 (£)-patulolide С 
n=4 (£)-homopatulolide С 
n=2 (Z)-norisopatulo)ide С 
n=3 (Z)-isopaluk>lide С 
n=4 (Z)-homoisopatulolkte С 
Scheme 4 
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(Scheme 4 contd.) 
Reaction conditions Chemical yield (%) 
n=2 n=3 n=4 
Ε Ζ E Z EZ 
a hv (300 nm), ЕЮН 
b tBuMe2SiCI, imidazole, DMAP, DM F 
LiOH, THF-H201:1 
C
 NaOH, EtOH 
d 2,6- CI2C6H3C(0)CI, Et3N, THF; DMAP, toluene, 
TBAF, THF 
" CH3COOH/THF/H20 3:1:1 
89 98 99 
46 3 48 6 42 4 
97 71 
99 99 97 99 
58 30 67 32 28 21 
56 71 69 64 66 
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In the appendix of Chapter 3 conformational analyses of the б macrolides (see Scheme 4) 
were carried out in an attempt to support these findings regarding the conformations. The recently 
developed hybrid stochaslical conformational searching technique as implemented in the programs 
MODE1VBAKMDL was applied to optimized, but initially sketched, models. These programs 
generate conformera by stochastically altering both internal and external coordinates of the molecule 
under study, using chemical principles. After applying an energy minimizer based on molecular 
mechanics, only the populated conformations of the molecule are found. The preferred conformers 
calculated in this matter are pictured in Figure 1. 
The conformational behavior of the E seríes deduced from these calculations conform 
remarkably well with the experimental conformational data obtained from the analysis of the Ή 
NMR spectra. However, the average deviations from planarity of the alkene ester moieties of the 
Z-series contradict with the results obtained from the NMR analysis. 
Comparison of the crystal structure of (£)-norpatulolide С with the results of the 
conformational search procedure for this macrolide, reveals that three conformations are almost 
identical to the crystallographically determined conformation. The conformations resembling the 
'crystallographic conformation' constitute 42% of the total Boltzmann population. Comparing the 
crystal structure of (£)-patulolide С with conformations obtained by the search procedure the most 
dominant conformation found (44.5%) is almost identical to the 'crystallographic conformation'. 
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(E)-noipatulolide С (Z)-norisopatulolide С 
(E)-patulolide С (Z)-i$opatulolide С 
f£J-homopatulolide С (Z)-homoisopatulolide С 
Figure 1 
In Chapter 4 the synthesis of a 10-membered analog of patulolide С is described. It was 
expected that in the 10-membered E analog the ring strain would be high, and therefore it was of 
interest to test if the synthetic strategy used for the 11-13-mcmbered macrolides can be applied. The 
synthesis of the precursor needed for the preparation of the 10-membered ring was accomplished as 


















Reaction conditions Υ Ι Θ Μ ( % ) 
a HjSO^, ethanol 
b. elhytvinyl ether, CF3COOH 
с LiAIH4, ether 
d p-TsCI, pyridine 
e Nal, acetone 
f. HC=C-CH2OH, L1NH2/NH3 







58 (+ 16)* 
aldehyde 11 
Scheme 5 
The sequence leading to the 10-membered lactone is given in Schemes 6 and 7. Attempted 
ring closure of the scco-acid, however, only gave the Z-macrolide (Scheme 7), due to an £ to Ζ 
isomenzauon prior to nngclosure. 
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OAc OAc N 2 
Reaction Conditions Yield (%) 
a (COCI)2, DMSO, NEI3, CH2CI2 
b tnethyl phosphonoacetate, LiCI, N(i-Pr)2Et, CH3CN 
с DibalH, ether 
d L(+)-DET, t-BuOOH, Ti(Oi-Pr)4, mol sieves, CH2CI2 
e ;-BuPh2SiCI, imidazole, DMF 
f PPTS, EtOH 
9 Ac20, pyridine 
h nBu4NF,THF 
1 Ru04 
j i-BuOCOCI, NEt3, THF 
























a. hv (300 nm), EtOH 
b. f-BuMe2SiCI, imidazole. DM F 
c. üOH,THF-H201:1 
d. CI3C6H2C(0)CI. NEt3, THF; DMAP, toluene 









In Chapter S the allylic alcohol moiety in γ-hydroxy-a.ß-unsaturaled esters is considered in 
the context of the Claisen onhoester rearrangemenL Additional substrates for the Claisen orthoester 
rearrangement can be derived from these unsaturated esters by reduction of the ester function to a 
primary alcohol. The resulting 2-alkene-l,4-diols were subjected to a Claisen orthoester 
rearrangement in two ways depending which alcohol function is converted into the vinyl ether group. 
The Claisen onhoester rearrangement of these three substrates А, В and С thai were investigated are 









, R"= El. c.y. 55%, e.e> 99% 
Scheme 8 
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OAc 2) p-TosOH 
• — R-
8 9 
e.g. R'= n-C3H7, c.y. of 8 57%, of 9 27% 
Substrate C: 






e.g. R'=n-C3H7, c.y.of 10 73%, cy.of 11 41%.ratiosyn/aiai 1.58:1 
It has been demonstrated that the allylic moiety in these substrate types can be utilized in the 
Claisen orthoester rearrangement When the intermediate vinyl ether is attached to a defined 
stereogenic center the reaction takes place with an almost complete transfer of chirality. 
A summary in English and Dutch concludes this thesis. 
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SAMENVATTING 
Dil proefschrift beschrijft de siereoselectieve synthese van γ-hydroxy-a.ß-onverzadigde 
esters en de toepassing daarvan in de synthese van optisch actieve macrocyclische en γ-lactonen. 
In Hoofdstuk 1 wordt een kort overzicht gegeven van de literatuur met betrekking tot de 
synthese en reacties van γ-hydroxy-a.ß-onverzadigde esters. 
In het tweede Hoofdstuk wordt aandacht besteed aan de fotogeinduceerde omlegging van 
α,β-epoxy-diazomethyl-keioncn in een alcoholisch oplosmiddel als een aantrekkelijke route naar 
enantiomeerzuivcre γ-hydroxy-a.ß-onverzadigde esters. De vereiste epoxy-diazomethyl-ketonen 
worden verkregen met behulp van een Sharpless cpoxidaüe van een geschikt allylalcohol tot een 
enantiomeerzuiver epoxyalcohol, gevolgd door een een rutheniumtetroxide oxidatie tot een 
oxiraancarbonzuur, omzetting naar een gemengd anhydride, en behandeling met diazomethaan. De 
opeenvolgende reacties voor de synthese van deze diazoverbindingen zijn weergegeven in Schema 1. 
-OH 
epoxjdatie . , 
H 
J ofRu04 *" / II 
1.CIC02iBu »^ R. / V 
2. CH2=N2 ' У II N; 
π o 
Schema I 
Bestraling van rra/u-gesubstitueerde epoxy-diazomethyl-ketonen in een alcoholisch 
oplosmiddel leidt tot (£)-Y-hydroxy-ct,ß-onverzadigde esters via een intermediair epoxyketeen. 
Standaard echter, wordt naast deze f£J-alkeencsters een kleine hoeveelheid fZJ-alkeenesiers 
verkregen (Schema 2). 
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De enantiomere zuiverheid van de verkregen (£)-7-hydroxy-ot,ß-onverzadigde esters bedraagt 
ca. 90% en wordt in feite volledig bepaald door de enantioselectivitcit van de Sharpless cpoxidatie. 





In Hoofdstuk 3 wordt de stcrcospccificke synthese van het natuurlijk voorkomende macrolide 
patulolide С en zijn iso-, nor-, en homo-analogcn beschreven door toepassing van de foto-
geinduceerde omlegging van enaniiomeerzuivere epoxy-diazomethyl-ketonen tot (£)-Y-hydroxy-
α,β-onverzadigde esters als de belangrijkste stap (Schema 3 en 4). 
Macrolide (Z)-isopatulolide C, een geometrische isomeer van (£)-patulolide C, bleek een 
diastereomeer te zijn van natuurlijk isopatulolide C. Dit betekent dat de natuurlijke verbinding de 
(4R,\IR) configuratie heefL Rbnlgen-diffraclie analyse van patulolide С en norpatulolide С wees uit 
dat er een aanzienlijk verschil in ruimtelijke rangschikking tussen beide verbindingen bestaat. In het 
bijzonder waren de verschillende torsiehoeken tussen de carbonylfuncties en de olefinischc 
bindingen noemenswaardig. Het conformaticgedrag van deze macrolidcn werd ook afgeleid uit de 
NMR en UV spectra. 
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Reaktle condities Opbrengst (%) 
n=2 n=3 n=4 
a BuLi, HMPA, THF 
b BnBr, (nBu)4NI, THF 
с p-TosOH, MeOH 
d EI3N, (COCI)2, DMSO, СН2СІ2 
β (EtO)2P(0)CH2COOEt, LiCI, iPr2NEt, CH3CN 
f DibalH, El 2 0 
g Ti(OiPr)4, L(+)-DET, tBuOOH, CH2CI2 
h tBuMe2SiCI, imidazool, DMF 
1 Hj/Pd/C, EtOH 
J Ac20, pyridine, DMAP 
к (nBu)4NF,THF 
1 RuCI3 H 2 0, Nal04, CH3CN, CCI4 H 2 0 
m CICOOiBu, EI3N, THF 
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,ΟΗ 
n=2 (£)-norpatulolide С 
n=3 (£)-patuiolkfe С 
n-4 (£>homopalutoWe С 
n=2 (Z)-norisopatulohòe С 
n=3 (Z)-isopatu)olide С 
[»4 (Z)-homoisopetutolide С 
Schema 4 
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(Schema 4, vervolg) 
Raaktle conditi·« 
a hv (300 nm), ЕЮН 
b tBuMe2SiCI, jmidazool, DMAP, DMF 
U0H.THF-H201:1 
NaOH. EtOH 
d 2. 6- CI2C6H3C(0)CI, EI3N, THF; DMAP, tolueen 
TBAF, THF 































In de appendix van Hoofdstuk 3 worden conformatieanalyses beschreven van patulolide С en 
zijn iso-, nor- en homo-analoga (zie Schema 4), in een poging bovengenoemde resultaten met 
betrekking tot de conformaties te ondersteunen. De recentelijk ontwikkelde hybride stochastische 
conformatiezocktechniek, die geïmplementeerd is in de programma's MODEL/BAKMDL, werd 
toegepast op geoptimaliseerde, maar oorspronkelijk handgetekende modellen. Bovengenoemde 
programma's genereren conformeren door zowel de interne als externe coördinaten van het 
betreffende molecuul stochastisch te veranderen, op grond van chemische principes. Na toepassing 
van een energieminimalisatie, gebaseerd op moleculaire mechanica, worden alleen de bezette 
conformaties van het molecuul gevonden. De voorkeursconformalies die na de berekeningen 
verkregen werden, zijn weergegeven in Figuur 1. 
het conformatiegedrag van de E-serie, afgeleid van deze berekeningen, komt verrassend goed 
overeen met de experimentele conformaticgcgcvens, verkregen uit de analyse van de 'H-NMR 
spectra. De gemiddelde afwijkingen uit het vlak van de alkccncstcr groepen van de Z-serie spreken 
de resultaten van de NMR analyse echter tegen. 
Vergelijking van de kristalstructuur van (£)-norpatulolide С met de resultaten uit de 
conformatie-analyse van dit macrolidc, laat zien dat drie conformaties nagenoeg identiek zijn aan de 
conformatic verkregen uil de kristalstructuur. Deze drie conformaties tezamen vormen 42% van de 
totale Boltzmann populatie. 
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Vergelijking van de kristalstructuur van (£)-patulolide С met de conformaties verkregen uit 
de berekeningen wijst uit dat de meest dominante conformatie die gevonden is (44.5%) bijna 
identiek is aan de "kristallografische conformatie". 
CE)-norpatulolide С (Z)-norisopatulolide С 
(E)-patulolide С (Z)-isopatulolide С 
(Έ,Ι-homopatulolide С (Z)-homoisopatulolide С 
Figuur 1 
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In Hoofdstuk 4 wordt de synthese van een 1 O-ring analoog van patulolide С beschreven. De 
verwachting was dat in het £-analoog van deze 1 O-ring een grote ringspanning aanwezig is. Om deze 
reden was het interessant om te testen of de strategie die gebruikt was voor de synthese van de 
11-13 ring macroliden ook hier toegepast kon worden. De synthese van de benodigde precursor voor 
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Reaktie condities Opbrengst (%) 
в. H2S04, ethanol 
b. ethylvinylether, CF3COOH 
с LiAIH4, ether 
d. p-TsCI, pyridine 
e. Nal, aceton 
f. HCsC-CH2OH, LiNH2/ NH3 







58 (+ 16) 
Schema 5 
De reactiestappen die leiden naar het 10-ring lacton zijn weergegeven in Schema's 6 en 7. 
Pogingen echter, om het hydroxyzuur te ringsluiten gaven alleen het Z-macrolide (Schema 7). Dit is 
te wijlen aan een isomerisatie van de E- naar de Z-dubbele binding vóór ringsluiting. 













Reaktie condities Opbrengst (%) 
a. (COCI)2, DMSO, NEt3, CH2CI2 
b. Iriethytfosfonoacetaat, LiCI, N(i-Pr)2Et, CH3CN 
с DibalH, ether 
d. L(+)-DET, t-BuOOH, Ti(Oi-Pr)4, mol sieves, CH2CI2 
e. /-BuPh2SiCI, ¡mkJazool. DMF 
f. PPTS, ЕЮН 
g. Ac 2 0, pyridine 
h. nBu4NF,THF 
I. Ru0 4 
j . i-BuOCOCI, NEt3, "nHF 
















a. hv (300 nm), EtOH 
b. r-BuMe2SrCI, imtdazool, DMF 
с LiOH, THF-H201:1 
d. CI3C6H2C(0)CI, NEt3, THF; DMAP, tolueen 









In Hoofdstuk 5 wordt de allylalcoholgroep in γ-hydroxy-a.ß-onverzadigde esters beschouwd 
in de context van de Claisen-orthoester omlegging. Additionele substraten voor de Claisen-
orthoester omlegging werden verkregen uit deze onverzadigde esters door reductie van de 
eslerfunctic naar een primaire alcohol. De daaruit voortkomende 2-alkeen-l,4-diolen werden op twee 
manieren onderworpen aan een Claisen-orthoester omlegging, afhankelijk van de alcoholfunctie die 
omgezet werd in de vinylether groep. De Claisen-orthoester omleggingen van de substraten A,B en 
С die onderzocht werden zijn weergegeven in Schema 8. 
Substraat A: 
OEt CH3C(OH")3 
EtCOOH, 140°C OEt 
b.v. R'= n-C5H,,, R"= Et, opbr. 55%, .е.> 99% 
Schema 8 
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(Schema 8, vervolg) 
Substrate В: 
Samenvatting 
СН3С(ОМ ) э OAc w 
EtCOOH, 140°C 
OMe 1)K2C03 
OAc 2) p-TosOH 
4 — R" 
8 9 





^ R^Y^Y°Me^!; V 
EtCOOH, 140 °ι 
10 11 
b.v. R'= n-C3H7, opbr. van 10 73%, opbr. van 11 41%, verhouding syn/anti 1.58:1 
Er werd aangetoond dat the allylfunctie in deze drie substraatlypen gebruikt kan worden in de 
Claisen-orthocster omlegging. Wanneer de intermediaire vinylether verbonden is aan een chiraal 
centrum, verloopt de omlegging nagenoeg met volledige overdracht van chiraliteit. 
Samenvattingen in de Engelse- en Nederlandse taal besluiten dit proefschrift. 
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